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Civil Engineering Division 
National Science Foundation 
1. Name of Institution: Georgia Institute of Technology 
2. Name of Principal Investigator: Daniel W. Halpin 
3. Grant No.: CEE-8208271 
4. Starting Date: 15'January 1983 
5. Completion Date (Anticipated): 15 January 1985 
6. Grant Title: Resource Analysis Using Microcomputers 
7. Summary of Progress to Date: 
The original project schedule as submitted with the proposal is 
given in Appendix A to this report and contains 28 activities. The 
activities can be understood in the context of the conceptual diagram 
shown in Figure 1 and included in the original proposal. 
All work on the QUANTITY module has been completed and the module 
is presently being tested on Apple and Radio Shack computers. It will 
in the near future be running under 	IBM PC computer and under the 
CP/M operating system. 
Work on the resource definition module is essentially complete. This 
work is based on the standard networks which are described in detail 
in Appendix B. The library of standard networks is presently being imple- 
mented in a graphics mode so that the user can make the required input 
to the networks while being prompted by the diagram on the monitor screen. 
A typical network screen is shown in Figure 2. 
A user's manual describing the integration of the Quantity, Resource, 
and production analysis (CYCLONE) modules as they operate in the present 
prototype version is given in Appendix C. 
In effect, all items scheduled for work during the first year have 
been commenced and satisfactory progress has been achieved. 
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FIGURE 1: Relationship of Modules 
Figure 2: Graphics for Simulation Input 
8. Current Problems and Favorable Developments 
The major area requiring greater attention relates to the time data 
relationships as noted in activities 8, 9, 10. Work on this activity 
has been hampered due to difficulty in standardizing observations of 
processes in progress. This work will be undertaken in the coming 
year with the assistance of a Video Cassette Recorder (VCR) unit and 
Camera. This equipment should enhance the collection and study of 
data for time analysis purposes. 
The use of the screen graphics as a user friendly method of linking 
the user to the computer analysis system during input is a significant 
development and its exploitation should make the system much more attrac-
tive to potential users. This approach is possible since the basic 
process networks are prefabricated and stored in the process library (thus 
relieving the user of inputting the network logic associated with the 
process). 
9. Summary of Work to be Accomplished in the subsequent Budget Period 
Work to be accomplished in the coming (last) year of the grant will 
be consistent with the activities described in the original schedule. The 
context of the integration and optimization activities as shown in Figure 
1 is described in detail in Appendix D. 
10. Other Pertinent Information: 
Due to the need to enhance the time gathering activity, the budget 
for the second year of the grant has been revised slightly to provide 
for the purchase of a video tape unit to aid in the study and analysis 
of field operations. 
In summary, excellent progress is being made and the the system pro-
posed should be thoroughly tested and debugged by the end of the second 
year of the grant. The budget for the second year of the project is in-
cluded as Appendix E. 
No funds will be unobligated as of the end of the first year of the 
project (i.e. 15 January 1984). 
Appendix A 
ORIGINAL PROJECT SCHEDULE 
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Project Schedule (Cont/d) 
ACTIVITIES 
	
I 82 I 	 83 	I 	84 
I 	I I 
I ONDJFMAMJJ'ASONDJFMAMJJAS  
17. Design PA* Module Interface 
w/Cost & Time Modules 
18. Design Cost Output 
Formats & Graphics 
19. Develop Processing 
Routines for Cost 
Module 
(a)Macro Flow Charts 
(b)Detailed Flow Charts 
(c)Code Development 
20. Study Existing Time 
Scheduling Systems 
21. Review Resource Allo-
cation and Leveling 
Algorithms 
22. Design Time Output 
Formats & Graphics 
23. Develop Processing 
Routines for Time 
Module 
(a)Macro Flow Charts 
(b)Detailed Flow Charts 
(c)Code Development 
24. Develop System Test 
Problems 
25. Debug System as Required 




27. Test at Selected Sites 
28. Dissemination of Results 
via Publications 





































































































1. Convert FIRD to Basic 
Language 
2. Design Quantity Input 
for Rood Tasks 1 to 10 
3. Develop Processing Rou- 
tines for Rood Tasks 
(a)Macro Flow Charts 
(b)Detailed Flow Charts 
(c)Code Development 
4. Integrate all routines 
and Basic FIRD 
5. Design Q* Module inter-
face w/PA* Module 
6. Review MAFESS+ Design 
7. Develop Standard Networks 
for Rood Tasks 
8. Conduct Field Studies and 
Literature Study to De- 
velop Fixed Times 
9. Establish Equipment Break- 	I 
down Factors and Frequencies 	 
10. Develop Variable Time Re-
lationships 
11. Design Input to RIP Module 	I 
(a)Macro Flow Charts 
(b)Detailed Flow Charts 
(c)Code Development 
12. Design RD* Module Inter- 
face to PA* Module 
13. Study Standard Network 
Sensitivity to parameter 
variation 
14. Derive Production Algo-
rithms(where possible) 
15. Develop Efficiency Factor 
Criteria (Field Studies) 
16. Modification of Micro- 	I 
CYCLONE to perform PA* 
functions 
(a)Macro Flow Chart 
(b)Detailed Flow Chart 
(c)Code Development 
I 





















* Q = Quantity 
PIS = Resource Definition 
PA = Productivity Analysis 
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APPENDIX B 
CYCLONE STANDARD NETWORKS 
STANDARD CYCLONE MODELS 
In a study conducted at the Army Construction 
Engineering Research Laboratory [37], Rood has developed an 
"Equipment Selection Card" which provides construction 
activity estimates, a table for balancing fleet sizes and a 
nomograph for use in computing fleet productivity. 
Productivity estimates in the activity tables are developed 
from computer-assisted simulation studies and the tables are 
based on queueing theory. Estimates are provided for twelve 
"standard" heavy construction activities as follows : 
1. Construction clearing 
2. Stripping 
3. Crane excavation 
4. Excavating and hauling 
B 1 
Table 2. Job Description - Types of Equipment 
A. Lifting 
.Crawler mounted crane 
.Truck mounted crane 










.Front end loader 
.Trenching machine 
C. Excavating/Transporting 
.Tractor drawn scraper 
.Rubber tired scraper 






.Monorail, cable way and so on 
E. Compaction 
.Smooth wheel roller 
.Pneumatic tired roller 
.Grid roller 
.Sheepfoot and tamping rollers 
.Vibrating roller 
.Small compaction machines 
F. Tunneling 
.Shield 
.Tunneling machine in soft ground 
.Tunneling machine in rock 
.Bentonite machine 
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5. Excavating and hauling (cont.) 
6. Spreading fill 
7. Compacting fill 
8. Controlling soil moisture 
9. Spreading base course 
10. Watering 
11. Ditching 
12. Ancillary activities. 
The standard activities in road construction are 
identified as follows: 
1. Clearing, grubbing and stripping 
2. Road and drainage excavation 
3. Placing, spreading, compaction and final 
grading of the subgrade 
4. Placing, spreading, compaction and grading 
the subbase 
5. Placing, spreading, compaction and grading 
of the base 
6. Paving. 
The CYCLONE models for the standard activities in road 
construction are developed in conjunction with Jahangard 
[20] and several practicing construction professionals. 
These models are not the ultimate standard models but they 
are adequate and realistic representation of the actual work 
done in the field. These models will be used in structuring 
B3 
the input to the resousce definition module and the 
processing of the productivity and cost analysis module. 
Standard Clearing and Grubbing CYCLONE Model #1  
The only equipment used is a clearing/grubbing unit 
(e.g. dozer). The work tasks are pushing forward, 
stockpiling, backing up and burning. The standard clearing 
and grubbing CYCLONE model #1 is shown in Figure 7. Table 3 
illustrates the typical CYCLONE problem oriented language 
specification for the standard model. 
Standard Clearing and Grubbing CYCLONE Model #2  
The equipments used are clearing/grubbing unit (e.g. 
dozer), loading unit (e.g. front end loader) and hauling 
unit (e.g. truck). The work tasks are pushing forward, 
stockpiling, backing up, loading, hauling, dumping and 
returning. Figure 8 illustrates the standard clearing and 
grubbing CYCLONE model #2. The typical CYCLONE problem 
oriented language specification for the standard model is 
shown in Table 4. 
Standard Stripping CYCLONE Model  
The only equipment used is an excavating/loading/ 
hauling/dumping/spreading unit (e.g. scraper). The work 
tasks are excavating/loading, hauling, dumping/spreading and 
returning. The standard stripping CYCLONE model is shown in 
Figure 9. Table 5 illustrates the typical CYCLONE prolem 








Figure 7. Standard Clearing and Grubbing CYCLONE Model #1 
B 5 
Table 3. Typical CYCLONE Problem Oriented Language 
Specification for Standard Clearing and 
Grubbing CYCLONE Model #1 
CONTROL INPUT 
NAME CLEARING CYCLES 872 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 QUE 'CLEARING/GRUBBING UNIT IDLE' 
ACT 2 COMBI 'PUSH FORWARD' PRE 1 8 FOL 3 8 SET 2 
ACT 3 NOR 'STOCKPILE' FOL 4 6 SET 3 
ACT 4 NOR 'BACK UP' FOL 5 SET 4 
ACT 5 FUN 'COUNT' FOL 1 QUANTITY 5.7392102846648D-03 
ACT 6 FUN 'STOCKPILE IDLE' FOL 7 CON 100 
ACT 7 SINK 'BURN' 
ACT 8 QUE 'GROUND AVAILABLE' 
EQUIPMENT INPUT 
1 AT 1 FI 0 VA 50 
10 AT 8 
DURATION INPUT 
SET 2 2 
SET 3 2 
SET 4 2 
END DATA 
B 6 



















Figure 8. Standard Clearing and Grubbing CYCLONE Model #2 
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Table 4. Typical CYCLONE Problem Oriented Language 
Specification for Standard Clearing and 
Grubbing CYCLONE Model #2 
CONTROL INPUT 
NAME GRUBBING CYCLES 872 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 QUE 'CLEARING/GRUBBING UNIT IDLE' 
ACT 2 COMBI 'PUSH FORWARD' PRE 1 14 FOL 3 14 SET 2 
ACT 3 NOR 'STOCKPILE' FOL 4 5 SET 3 
ACT 4 NOR 'BACK UP' FOL 13 SET 4 
ACT 5 QUE 'STOCKPILE IDLE' 
ACT 6 QUE 'LOADING UNIT IDLE' 
ACT 7 COMBI 'LOAD' PRE 5 6 12 FOL 6 8 SET 7 
ACT 8 FUN FOL 9 CON 4 
ACT 9 NOR 'HAUL' FOL 10 SET 9 
ACT 10 NOR 'DUMP' FOL 11 SET 10 
ACT 11 NOR 'RETURN' FOL 12 SET 11 
ACT 12 QUE 'HAULING UNIT IDLE' GEN 4 
ACT 13 FUN 'COUNT' FOL 1 QUANTITY 5.73921028466483D-03 
ACT 14 QUE 'GROUND AVAILABLE' 
EQUIPMENT INPUT 
1 AT 1 
1 AT 6 
1 AT 12 
10 AT 14 
DURATION INPUT 
SET 2 2 
SET 3 2 
SET 4 2 
SET 7 2 
SET 9 5 
SET 10 1 
SET 11 4 
END DATA 
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Figure 9. Standard Stripping CYCLONE Model 
B 9 
Table 5. Typical CYCLONE Problem Oriented Language 
Specification for Standard Stripping CYCLONE 
Model 
CONTROL INPUT 
NAME STRIPPING CYCLES 807 
NETWORK INPUT 
ACT 1 QUE 'EXCAVATING/LOADING UNIT IDLE' 
ACT 2 COMBI 'LOAD' PRE 1 7 FOL 3 7 SET 2 
ACT 3 NOR 'HAUL' FOL 4 SET 3 
ACT 4 NOR 'DUMP/SPREAD' FOL 5 SET 4 
ACT 5 NOR 'RETURN' FOL 6 SET 5 
ACT 6 FUN 'COUNT' FOL 1 QUANTITY 5 
ACT 7 QUE 'GROUND AVAILABLE' 
EQUIPMENT INPUT 
DURATION INPUT 
SET 2 2 
SET 3 5 
SET 4 2 
SET 5 4 
END DATA 
- 13 10 
Standard Excavation CYCLONE Model #1  
The equipments used are excavating unit (e.g. face 
shovel), loading unit (e.g. front end loader), hauling unit 
(e.g. truck) and spreading unit (e.g. dozer). The work 
tasks are excavating, stockpiling soil, loading, hauling, 
dumping, returning and spreading. Figure 10 is a graphical 
representation of the model and Figure 11 shows the standard 
excavation CYCLONE model #1. The typical CYCLONE problem 
oriented language specification for the standard model is 
illustrated in Table 6. 
Standard Excavation CYCLONE Model #2  
The equipments used are excavating/loading/hauling/ 
spreading unit (e.g. scraper) and pushing unit (e.g. 
pusher). The work tasks are pushing/loading, hauling, 
dumping/spreading and returning. Figure 12 shows the 
graphical representation of this model and Figure 13 
illustrates the standard excavation CYCLONE model #2. The 
typical CYCLONE problem oriented language specification for 
the standard model is shown in Table 7. 
Standard Excavation CYCLONE Model #3  
The equipments used are excavating/loading unit (e.g. 
crane), hauling unit (e.g. truck) and spreading unit (e.g. 
dozer). The work tasks are excavating, loading, hauling, 
dumping, returning and spreading. Figure 14 illustrates the 
graphical representation of this model and Figure 15 shows 
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Figure 10. Graphical Representation of Standard Excavation CYCLONE Model #1 
Figure 11. Standard Excavation CYCLONE Model #1 
B 13 
Table 6. Typical CYCLONE Problem Oriented Language 
Specification for Standard Excavation 
CYCLONE Model #1 
CONTROL INPUT 










QUE 'EXCAVATING UNIT IDLE' 
COMBI 	'EXCAVATE' PRE 1 16 FOL 3 16 
NOR 'STOCKPILE SOIL' FOL 1 4 SET 3 
QUE 'SOIL STOCKPILE IDLE' 
SET 2 
ACT 5 COMBI 	'LOAD' PRE 4 11 17 FOL 6 17 SET 5 
ACT 6 FUN FOL 7 CON 10 
ACT 7 NOR 'HAUL' FOL 8 SET 7 
ACT 8 NOR 'DUMP' FOL 9 12 SET 8 
ACT 9 NOR 'RETURN' POI, 10 SET 9 
ACT 10 FUN 'COUNT' FOL 11 QUANTITY 20 
ACT 11 QUE 'HAULING UNIT IDLE' GEN 10 
ACT 12 QUE 'DUMPED LOADS IDLE' 
ACT 13 COMBI 	'SPREAD DIRT' PRE 12 14 POI, 14 15 SET 
ACT 14 QUE 'SPREADING UNIT IDLE' 
ACT 15 SINK 	'DIRT SPREAD' 
ACT 16 QUE 'GROUND AVAILABLE' 
ACT 17 QUE 'LOADING UNIT IDLE' 
EQUIPMENT INPUT 
1 AT 1 FI 0 VA 50 
1 AT 11 FI 0 VA 50 
10 AT 16 
1 AT 14 FI 0 VA 50 
1 AT 17 FI 0 VA 50 
DURATION INPUT 
SET 2 2 
SET 3 1 
SET 5 2 
SET 7 5 
SET 8 1 
SET 9 4 
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unit idle ( 	  
Figure 13. Standard Excavation CYCLONE Model #2 
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Table 7. Typical CYCLONE Problem Oriented Language 
Specification for Standard Excavation 
CYCLONE Model #2 
CONTROL INPUT 
NAME EXCAVATION CYCLES 400 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 QUE 'EXCAVATING/LOADING UNIT IDLE' 
ACT 2 COMBI 'PUSH/LOAD' PRE 1 8 9 FOL 3 7 9 SET 2 
ACT 3 NOR 'HAUL' FOL 4 SET 3 
ACT 4 NOR 'DUMP/SPREAD' FOL 5 SET 4 
ACT 5 NOR 'RETURN' FOL 6 SET 5 
ACT 6 FUN 'COUNT' FOL 1 QUANTITY 10 
ACT 7 NOR 'RETURN' FOL 8 SET 7 
ACT 8 QUE 'PUSHING UNIT IDLE' 
ACT 9 QUE 'GROUND AVAILABLE' 
EQUIPMENT INPUT 
1 AT 1 FI 0 VA 50 
1 AT 8 FI 0 VA 50 
10 AT-9 
DURATION INPUT 
SET 2 2 
SET 3 5 
SET 4 2 
SET 5 4 
SET 7 1 
END DATA 
B 17 
Figure 14. Graphical Representation of Standard Excavation CYCLONE Model #3 
Figure 15. Standard Excavation CYCLONE Model #3 
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the standard excavation CYCLONE model #3. Table 8 
illustrates the typical CYCLONE problem oriented language 
specification for the standard model. 
Standard Ditching CYCLONE Model #1  
The equipments used are ditching unit (e.g. ditcher), 
loading unit (e.g. front end loader), hauling unit (e.g. 
truck) and spreading unit (e.g. dozer). The work tasks are 
ditching, loading, hauling, dumping, returning and 
spreading. Figure 16 illustrates the standard ditching 
CYCLONE model #1. The typical CYCLONE problem oriented 
language specification for the standard model is shown in 
Table 9. 
Standard Ditching CYCLONE Model #2  
The equipments used are ditching/loading unit (e.g. 
ditcher), hauling unit (e.g. truck) and spreading unit (e.g. 
dozer). The work tasks are ditching, loading, hauling, 
dumping, returning and spreading. Figure 17 illustrates the 
standard ditching CYCLONE model #2. The typical CYCLONE 
problem oriented language specification for the standard 
model is showm in Table 10. 
Standard Placing, Spreading, Compaction and Final 
Grading of Subgrade CYCLONE Model 
The equipments used are loading unit (e.g. front end 
loader), hauling unit (e.g. truck), water spraying unit 
(e.g. water truck), spreading/compacting unit (e.g. dozer) 
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Table 8. Typical CYCLONE Problem Oriented Language 
Specification for Standard Excavation 
CYCLONE Model #3 
CONTROL INPUT 
NAME EXCAVATION CYCLES 200 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 QUE 'EXCAVATING/LOADING UNIT IDLE' 
ACT 2 COMBI 'EXCAVATE' PRE 1 15 POI, 3 15 
ACT 3 QUE 'EXCAVATING/LOADING UNIT IDLE' 
ACT 4 COMBI 'LOAD' PRE 3 10 FOL 1 5 SET 4 
ACT 5 FUN FOL 6 CON 4 
ACT 6 NOR 'HAUL' FOL 7 SET 6 
ACT 7 NOR 'DUMP' FOL 8 11 SET 7 
ACT 8 NOR 'RETURN' FOL 9 SET 8 
ACT 9 FUN 'COUNT' FOL 10 QUANTITY 20 
ACT 10 QUE 'HAULING UNIT IDLE' GEN 4 
ACT 11 QUE 'DUMPED LOADS IDLE' 
ACT 12 COMBI 	'SPREAD DIRT' PRE 11 14 FOL 
ACT 13 SINK 'DIRT SPREAD IDLE' 
ACT 14 QUE 'SPREADING UNIT IDLE' 






1 AT 1 FI 0 VA 50 
1 AT 10 FI 0 VA 50 
1 AT 14 FI 0 VA 50 
10 AT 15 
DURATION INPUT 
SET 2 2 
SET 4 1 
SET 6 5 
SET 7 1 
SET 8 4 




Figure 16. Standard Ditching CYCLONE Model #1 
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Table 9. Typical CYCLONE Problem Oriented Language 
Specification for Standard Ditching CYCLONE 
Model #1 
CONTROL INPUT 
NAME DITCHING CYCLES 1000 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 QUE 	'DITCHING UNIT IDLE' 
ACT 2 COMBI 	'DITCH' PRE 1 15 FOL 3 14 15 SET 2 
ACT 3 QUE 'STOCKPILE' 
ACT 4 COMBI 	'LOAD' PRE 3 9 16 FOL 5 16 SET 4 
ACT 5 FUN FOL 6 CON 20 
ACT 6 NOR 'HAUL' FOL 7 SET 6 
ACT 7 NOR 'DUMP' FOL 8 10 SET 7 
ACT 8 NOR 'RETURN' FOL 9 SET 8 
ACT 9 QUE 'HAULING UNIT IDLE' GEN 20 
ACT 10 QUE 'DUMPED LOADS IDLE' 
ACT 11 COMBI 	'SPREAD' PRE 10 13 FOL 12 13 SET 11 
ACT 12 SINK 'DIRT SPREAD IDLE' 
ACT 13 QUE 'SPREADING UNIT IDLE' 
ACT 14 FUN 'COUNT' FOL 1 QUANTITY 1 
ACT 15 QUE 'GROUND AVAILABLE' 
ACT 16 'LOADING UNIT IDLE' 
EQUIPMENT INPUT 
1 AT 1 FI 0 VA 50 
1 AT 9 FI 0 VA 50 
1 AT 13 FI 0 VA 50 
10 AT 15 
1 AT 16 FI 0 VA 50 
DURATION INPUT 
SET 2 2 
SET 4 1 
SET 6 5 
SET 7 1 
SET 8 4 








Figure 17. Standard Ditching CYCLONE Model 12 
B 24 
Table 10. Typical CYCLONE Problem Oriented Language 
Specification for Standard Ditching CYCLONE 
Model #2 
CONTROL INPUT 
NAME DITCHING CYCLES 1000 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 QUE 'DITCHING/LOADING UNIT IDLE' 
ACT 2 COMBI 'DITCH' PRE 1 15 FOL 3 15 SET 2 
ACT 3 QUE 'DITCHING/LOADING UNIT IDLE' 
ACT 4 COMBI 'LOAD' PRE 3 9 FOL 5 14 SET 4 
ACT 5 FUN POI, 6 CON 20 
ACT 6 NOR 'HAUL' FOL 7 SET 6 
ACT 7 NOR 'DUMP' FOL 8 SET 7 
ACT 8 NOR 'RETURN' FOL 9 10 SET 8 
ACT 9 QUE 'HAULING UNIT IDLE' GEN 20 
ACT 10 QUE 'DUMPED LOADS IDLE' 
ACT 11 COMBI 'SPREAD' PRE 10 13 FOL 12 13 SET 11 
ACT 12 SINK 'DIRT SPREAD IDLE' 
ACT 13 QUE 'SPREADING UNIT IDLE' 
ACT 14 FUN 'COUNT' FOL 1 QUANTITY 1 
ACT 15 QUE 'GROUND AVAILABLE' 
EQUIPMENT INPUT 
1 AT 1 FI 0 VA 50 
1 AT 9 FI 0 VA 50 
1 AT 13 FI 0 VA 50 
10 AT 15 
DURATION INPUT 
SET 2 2 
SET 4 1 
SET 6 5 
SET 7 1 
SET 8 4 
SET 11 2 
END DATA 
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and grading unit (e.g. motor grader). The work tasks are 
loading, hauling, dumping, returning, water spraying, 
spreading/compacting and final grading. Figure 18 shows the 
standard CYCLONE model and Table 11 illustrates the typical 
CYCLONE problem oriented language specification for the 
standard model. 
Standard Placing, Spreading, Compaction and Grading  
of Nonstabilized Base or Subbase CYCLONE Model 
The equipments used are spreading unit (e.g. dozer), 
water spraying unit (e.g. water truck) and compacting unit 
(e.g. dozer). The work tasks are spreading, spraying water 
and compaction. The standard CYCLONE model is shown in 
Figure 19 and Table 12 illustrates the typical CYCLONE 
' problem oriented language specification for the standard 
model. 
Standard Placing, Spreading, Compaction and Grading  
of Stabilized Base or Subbase CYCLONE Model #1 
The equipments used are scarifying unit (e.g. 
scarifier), stabilizer application unit (e.g. mechanical 
spreader), water spraying unit (e.g. water truck), 
pulverizing/mixing unit (e.g. mixer) and compacting unit 
(e.g. roller). The work tasks are soil preparation, 
stabilizer application, spraying water, pulverizing/mixing 
and compaction. The standard CYCLONE model (mixed in place) 










Figure 18. Standard Placing, Spreading Compaction and 
Final Grading of Subgrade CYCLONE Model 
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Table 11. Typical CYCLONE Problem Oriented Language 
Specification for Standard Placing, Spreading 
, Compaction and Final Grading of Subgrade 
CYCLONE Model 
CONTROL INPUT 
NAME SUBGRADE CYCLES 50 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 QUE 'HAULING UNIT IDLE' GEN 4 
ACT 2 COMBI 'LOAD' PRE 1 14 FOL 3 14 SET 2 
ACT 3 FUN FOL 4 CON 4 
ACT 4 NORMAL 'HAUL' FOL 5 SET 4 
ACT 5 NOR 'DUMP' FOL 6 15 SET 5 
ACT 6 QUE 'DUMPED LOADS IDLE' 
ACT 7 COMBI 'WATER SPRAY' PRE 6 16 FOL 8 16 SET 7 
ACT 8 QUE 'SPRAYED LOADS IDLE' 
ACT 9 COMBI 'SPREAD/COMPACT' PRE 8 17 FOL 10 17 SET 9 
ACT 10 QUE 'COMPACTED SUBGRADE IDLE' 
ACT 11 COMBI 'FINAL GRADING' PRE 10 13 POI, 12 13 SET 11 
ACT 12 FUN 'COUNT' FOL 13 QUANTITY 20 
ACT 13 'FINAL GRADING UNIT IDLE' 
ACT 14 QUE 'LOADING UNIT IDLE' 
ACT 15 NOR 'RETURN' FOL 1 SET 15 
ACT 16 QUE 'WATER SPRAYING UNIT IDLE' 
ACT 17 QUE 'SPREADING/COMPACTING UNIT IDLE' 
EQUIPMENT INPUT 
1 AT 1 FI 0 VA 50 
1 AT 13 FI 0 VA 50 
1 AT 14 FI 0 VA 50 
1 AT 16 FI 0 VA 50 
1 AT 17 FI 0 VA 50 
DURATION INPUT 
SET 2 2 
SET 4 5 
SET 5 1 
SET 7 2 
SET 9 5 
SET 11 5 






















Figure 19. Standard Placing, Spreading, Compaction and 
Grading of Nonstabilized Base or Subbase 
CYCLONE Model 
B 28 
Table 12. Typical CYCLONE Problem Oriented Language 
Specification for Standard Placing, Spreading 
, Compaction and Grading of Nonstabilized 
Base or Subbase CYCLONE Model 
CONTROL INPUT 








ACT 1 COMBI 	'SPREAD' PRE 8 9 FOL 2 8 9 SET 
ACT 2 QUE 'SPREAD LOADS IDLE' 
ACT 3 COMBI 	'WATER SPRAY' PRE 2 10 FOL 4 
ACT 4 QUE 'COMPACTED LOADS IDLE' 
ACT 5 COMBI 	'COMPACT' PRE 4 11 FOL 6 11 
ACT 6 FUN 'COUNT' FOL 7 QUANTITY 40 
ACT 7 SINK 'SINK' 
ACT 8 QUE 'STOCKPILE READY' 
ACT 9 QUE 'SPREADING UNIT IDLE' 
ACT 10 QUE 'WATER SPRAYING UNIT IDLE' 
ACT 11 QUE 'COMPACTING UNIT IDLE' 
EQUIPMENT INPUT 
10 AT 8 
1 AT 9 FI 0 VA 50 
1 AT 10 FI 0 VA 50 
1 AT 11 FI 0 VA 50 
DURATION INPUT 
SET 1 10 
SET 3 5 












































Figure 20. Standard Placing, Spreading, Compaction and 
Grading of Stabilized Base or Subbase 
CYCLONE Model #1 
B 30 
Table 13. Typical CYCLONE Problem Oriented Language 
Specification for Standard Placing, Spreading 
, Compaction and Grading of Stabilized Base 
or Subbase CYCLONE Model #1 
CONTROL INPUT 
NAME BASE CYCLES 10 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 COMBI 	'PREPARE SOIL' PRE 12 13 FOL 2 13 SET 
ACT 2 QUE 'SCARIFIED SOIL IDLE' 
ACT 3 COMBI 	'APPLY STABILIZER' PRE 2 14 FOL 4 14 
ACT 4 QUE 'STABILIZED MATERIAL IDLE' 
ACT 5 COMBI 	'SPRAY WATER' PRE 4 15 FOL 6 15 SET 5 
ACT 6 QUE 'SPRAYED MATERIAL IDLE' 
ACT 7 COMBI 	'PULVERIZE/MIX' PRE 6 16 POI, 8 16 SET 
ACT 8 QUE 'MIXED MATERIAL IDLE' 
ACT 9 COMBI 	'COMPACT' PRE 8 17 FOL 10 17 SET 9 
ACT 10 FUN 'COUNT' FOL 11 QUANTITY 100 
ACT 11 SINK 	'SINK' 
ACT 12 QUE 'MATERIAL IDLE' 
ACT 13 QUE 'SCARIFYING UNIT IDLE' 
ACT 14 QUE 'STABILIZER APPLICATION UNIT IDLE' 
ACT 15 QUE 'WATER SPRAYING UNIT IDLE' 
ACT 16 QUE 'PULVERIZING/MIXING UNIT IDLE' 





10 AT 12 
1 AT 13 FI 0 VA 50 
1 AT 14 FI 0 VA 50 
1 AT 15 FI 0 VA 50 
1 AT 16 FI 0 VA 50 
1 AT 17 FI 0 VA 50 
DURATION INPUT 
SET 1 10 
SET 3 5 
SET 5 	5 
SET 7 	5 
SET 9 20 
END DATA 
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CYCLONE problem oriented language specification for the 
standard model. 
Standard Placing, Spreading, Compaction and Grading  
of Stabilized Base or Subbase CYCLONE Model #2 
The equipments used are hauling unit (e.g. truck), 
spreading unit (e.g. dozer), water spraying unit (e.g. water 
truck) and compacting unit '(e.g. roller). The work tasks 
are stabilizer batch preparation, loading, hauling, dumping, 
spreading, spraying water and compaction. The standard 
CYCLONE model (central pl'ant) is illustrated in Figure 21 
and Table 14 shows the typical CYCLONE problem oriented 
language specification for the standard model. 
Standard Asphalt Paving CYCLONE Model  
The equipments used are hauling unit (e.g. truck), 
paving unit (e.g. paver) and compacting unit (e.g. roller). 
The work tasks are asphalt batch preparation, loading, 
hauling, dumping, returning, placing and compacting. Figure 
22 illustrates the standard asphalt paving CYCLONE model and 
Table 15 shows the typical CYCLONE problem oriented language 
specification for the standard model. 
Standard Concrete Paving CYCLONE Model  
The equipments used are hauling unit (e.g. truck), 
paving unit (e.g. paver) and finishing unit (e.g. finisher). 
The work tasks are concrete batch preparation, loading, 























Figure 21. Standard Placing, Spreading, Compaction and 
Grading of Stabilized Base or Subbase 
CYCLONE Model #2 
B 33 
Table 14. Typical CYCLONE Problem Oriented Language 
Specification for Standard Placing, Spreading 
, Compaction and Grading of Stabilized Base 
or Subbase CYCLONE Model #2 
CONTROL INPUT 
NAME BASE CYCLES 50 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 COMBI 	'PREPARE STABILIZER BATCH' PRE 14 15 FOL 2 
14 SET 1 
ACT 2 QUE 'STABILIZER BATCH IDLE' 
ACT 3 COMBI 	'LOAD' PRE 2 16 FOL 4 15 SET 3 
ACT 4 NOR 'HAUL' FOL 5 SET 4 
ACT 5 NOR 'DUMP' FOL 6 17 SET 5 
ACT 6 QUE 'DUMPED LOADS IDLE' 
ACT 7 COMBI 	'SPREAD' PRE 6 18 FOL 8 18 SET 7 
ACT 8 QUE 'SPREADING UNIT IDLE' 
ACT 9 COMBI 	'SPRAY WATER' PRE 8 19 FOL 10 19 SET 9 
ACT 10 QUE 'SPRAYED MATERIAL IDLE' 
ACT 11 COMBI 	'COMPACT' PRE 10 20 FOL 12 20 SET 11 
ACT 12 FUN 'COUNT' FOL 13 QUANTITY 20 
ACT 13 SINK 	'SINK' 
ACT 14 QUE 'MATERIAL IDLE' 
ACT 15 QUE 'CENTRAL PLANT IDLE' 
ACT 16 QUE 'HAULING UNIT IDLE' 
ACT 17 NOR 'RETURN' POL 16 SET 17 
ACT 18 QUE 'SPREADING UNIT IDLE' 
ACT 19 QUE 'WATER SPRAYING UNIT IDLE' 
ACT 20 QUE 'COMPACTING UNIT IDLE' 
EQUIPMENT INPUT 
1 AT 14 
1 AT 15 
1 AT 16 FI 0 VA 50 
1 AT 18 FI 0 VA 50 
1 AT 19 FI 0 VA 50 
1 AT 20 FI 0 VA 50 
DURATION INPUT 
SET 1 20 
SET 3 	2 
SET 4 5 
SET 5 1 
SET 7 5 
SET 9 2 
SET 11 15 









Figure 22. Standard Asphalt Paving CYCLONE Model 
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Table 15. Typical CYCLONE Problem Oriented Language 
Specification for Standard Asphalt Paving 
CYCLONE Model 
CONTROL INPUT 
NAME ASPHALT CYCLES 50 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 COMBI 'PREPARE ASPHALT BATCH' 
SET 1 
ACT 2 QUE 'ASPHALT BATCH IDLE' 
ACT 3 COMBI 	'LOAD' PRE 2 14 FOL 4 13 
ACT 4 NOR 'HAUL' FOL 5 SET 4 
ACT 5 QUE 'ASPHALT BATCH IDLE' 
ACT 6 COMBI 	'DUMP' PRE 5 16 ROL 7 15 
ACT 7 NOR 'PLACE' FOL 8 16 SET 7 







13 FOL 2 
ACT - 9 COMBI 'COMPACT' PRE 8 17 FOL 10 17 SET 9 
ACT 10 FUN 'COUNT' FOL 11 QUANTITY 20 
ACT 11 SINK 'SINK' 
ACT 12 QUE 'MATERIAL IDLE' 
ACT 13 QUE 'CENTRAL PLANT IDLE' 
ACT 14 QUE 'HAULING UNIT IDLE' 
ACT 15 NOR 'RETURN' FOL 14 SET 15 
ACT 16 QUE 'PAVING UNIT IDLE' 
ACT 17 QUE 'COMPACTING UNIT IDLE' 
EQUIPMENT INPUT 
1 AT 12 
1 AT 13 
1 AT 14 FI 0 VA 50 
1 AT 16 FI 0 VA 50 
1 AT 17 FI 0 VA 50 
DURATION INPUT 
SET 1 10 
SET 3 	2 
SET 4 15 
SET 6 	5 
SET 7 10 
SET 9 20 







































Figure 23. Standard Concrete Paving CYCLONE Model 
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illustrates the standard concrete paving CYCLONE model and 
Table 16 shows the typical CYCLONE problem oriented language 
specification for the standard model. 
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Table 16. Typical CYCLONE Problem Oriented Language 
Specification for Standard Concrete Paving 
CYCLONE Model 
CONTROL INPUT 
NAME CONCRETE CYCLES 50 LENGTH 1E+38 
NETWORK INPUT 
ACT 1 COMBI 	'PREPARE CONCRETE BATCH' PRE 12 13 FOL 2 
SET 1 
ACT 2 QUE 'CONCRETE BATCH IDLE' 
ACT 3 COMBI 	'LOAD' PRE 2 14 FOL 4 13 SET 3 
ACT 4 NOR 'HAUL' FOL 5 SET 4 
ACT 5 QUE 'CONCRETE BATCH IDLE' 
ACT 6 COMBI 	'DUMP' PRE 5 16 FOL 7 15 SET 6 
ACT 7 NOR 'PLACE' FOL 8 16 SET 7 
ACT 8 QUE 'PLACED CONCRETE IDLE' 
ACT 9 COMBI 	'FINISH' PRE 8 17 FOL 10 17 SET 9 
ACT 10 FUN 'COUNT' FOL 11 QUANTITY 20 
ACT 11 SINK 	'SINK' 
ACT 12 QUE 	'MATERIAL IDLE' 
ACT 13 QUE 'CENTRAL PLANT IDLE' 
ACT 14 QUE 'HAULING UNIT IDLE' 
ACT 15 NOR 'RETURN' FOL 14 SET 15 
ACT 16 QUE 'PAVING UNIT IDLE' 
ACT 17 QUE 'FINISHING UNIT IDLE' 
EQUIPMENT INPUT 
1 AT 12 
1 AT 13 
1 AT 14 FI 0 VA 50 
1 AT 16 FI 0 VA 50 
1 AT 17 FI 0 VA 50 
DURATION INPUT 
SET 1 10 
SET 3 2 
SET 4 5 
SET 6 5 
SET 7 10 
SET 9 20 
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The integrated microcomputer system consists of four 
programs. These programs are : 
1. Road design 
2. Road earthwork quantity take-off 
3. Site plan earthwork quantity take-off 
4. CYCLONE for microcomputers. 
The first program is used for horizontal and vertical 
curve design of a roadway. The second program is used for 
earthwork quantity take-off of a road construction project 
while the third one is mainly used for a civil engineering 
project in general. Finally, the last program is the 
CYCLONE for microcomputers originally developed by Lluch 
[22] and modified by the author. The system menu must be 
re -accessed when transferring from one program to another. 
To return to the system menu, press the desired option 
number from the menu. 
When the operator is confronted with a request from the 
computer for a decision, choose from the selections given or 
if a yes, no question is implied use 'Y' for yes and 'N' for 
no. 
C.2 SYSTEM MENU 
Once the system is turned on, insert the system disk 
volume #1 in drive 0 and data disk in drive 1. A prompt is 
Cl 
printed on the monitor indicating that TRSDOS has been 
loaded into memory and that TRSDOS is in control. At this 
point, the user responds to prompts requesting the actual 
date and time. After the entries are made, the following 
menu appears on the monitor : 
SYSTEM MENU 
1. ROAD DESIGN 
2. ROAD EARTHWORK QUANTITY TAKE-OFF 
3. SITE PLAN EARTHWORK QUANTITY TAKE-OFF 
4. CYCLONE FOR MICROCOMPUTERS • 
5. TRSDOS 
ENTER YOUR SELECTION. 
These selections will now be explained. 
Selection 1 : Road Design -- After a 1 is entered, 
the screen is cleared and the following is printed on the 
monitor : 
LOADING ROAD DESIGN PROGRAM 
The road design program is loaded next. 
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Selection 2 : Road Earthwork Quantity Take-off --
After a 2 is selected, the screen is cleared and the 
following is printed on the monitor : 
LOADING ROAD EARTHWORK QUANTITY TAKE-OFF PROGRAM 
The road earthwork quantity take-off program is then 
loaded. 
Selection 3 : Site Plan Earthwork Quantity Take-off 
-- After a 3 is entered, the screen is cleared and the 
following is printed on the monitor : 
INSERT SYSTEM DISK VDLUME #2. THEN PRESS ENTER. 
After the user inserts the system disk volume #2 and 
presses enter, the screen is cleared and the following is 
printed on the monitor : 
LOADING SITE PLAN EARTHWORK QUANTITY TAKE-OFF PROGRAM 
The site plan earthwork quantity take-off program is 
loaded next. 
Selection 4 : CYCLONE for Microcomputers -- After a 4 
is entered, the screen is cleared and the following is 
printed on the monitor : 
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CYCLONE FOR MICROCOMPUTERS MENU 
1. BETA MODULE 
2. INPUT MODULE 
3. SIMULATION MODULE 
4. REPORT MODULE 
ENTER YOUR SELECTION. 
After the user enters his/her selection, the screen is 
cleared and the following is printed on the monitor : 
LOADING CYCLONE FOR MICROCOMPUTERS 
The selected module program is loaded next. 
Selection 5 : TRSDOS -- After a 5 is selected from 
the menu, the screen is cleared and the following message 
appears : 
TRSDOS READY. 
At this point the user is in TRSDOS (Tandy Radio Shack 
Disk Operating System). 
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C.3 ROAD DESIGN 
Once the program is loaded, the screen is cleared and 
the following is printed on the monitor : 
ROAD DESIGN MENU 
1. HORIZONTAL ALIGNMENT & SUPERELEVATION 
2. VERTICAL ALIGNMENT 
3. TOP OF THE PAGE 
4. SYSTEM MENU 
ENTER YOUR SELECTION. 
All these selections will now be explained. 
Selection 1 : Horizontal Alignment & Superelevation  
-- After a 1 is selected on the menu, the screen is cleared 
and the following is printed on the monitor : 
ENTER 0 WHEN THROUGH. 
PI STATION ? 
The point of intersection station should be entered. 
Other prompts appear for angle of intersection, chord length 
and design velocity. After all entries are made, the 
program calculates horizontal curve alignment and provides 
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output in tabular form. From left to right this output 
reads as follows : curve midpoint station number, curve 
radius, length of curve, degree of curve, tangent length, 
superelevation, beginning of curve (PC) station number, 
station number of tangent intersection of curve (PI) and end 
of curve (PT) station number. 
As a safety feature, the program automatically checks 
on the degree of curvature (D). If the value of the degree 
of curvature exceeds 10 degrees, the program prints the 
value of degree of curvature and returns to the beginning of 
the process for curve redesign. This may be accomplished by 
decreasing the angle of intersection or increasing the chord 
length. 
This process is repeated until the user enters 0 for PI 
station. Assumming these values were entered, the following 
is printed : 
ENTER 0 WHEN THROUGH. 
PI STATION ? 133 
ANGLE OF INTERSECTION IN DEGREES ? 26 
CHORD LENGTH IN FEET ? 600 
DESIGN VELOCITY (30,35,40,45,50,55,60) ? 60 
MP STA 	R 	L 	D 	T 	SE PC STA PI STA PT STA 
132.94 1333.62 605.18 9.47 307.89 0.05 129.92 133.00 135.97 
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ENTER 0 WHEN THROUGH. 
PI STATION ? 0 
Selection 2 : Vertical Alignment -- After a 2 is 
entered, the screen is cleared and the following appears on 
the screen : 
VERTICAL ALIGNMENT 
NOTE : THE USER SHOULD ENTER STARTING GRADE, ENDING 
GRADE, CURVE LENGTH AND ONE OF THE FOLLOWING : 
1. PC STATION AND ELEVATION 
2. PI STATION AND ELEVATION 
STARTING GRADE (%) ? 
The starting grade should be entered. Other prompts 
appear for ending grade, length of curve, PC station and 
elevation or PI station and elevation. After all these 
entries are made, the program displays the PT station and 
elevation and PC or PI station and elevation. Next the 
following is printed on the monitor : 
TO FIND ELEVATION OF ANY CURVE STATION, ENTER THE 
STATION. 
ENTER 1 WHEN THROUGH. 
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STATION ? 
After the station is entered, the program displays the 
elevation. This process is repeated until the user enters 1 
for station. Assumming these values were entered, the 
following is printed on the monitor 
STARTING GRADE (%) ? 3 
ENDING GRADE (%) ? 0.9 
LENGTH OF CURVE IN FEET ? 500 
ENTER 1 FOR P.C. DATA OR 2 FOR P.I. DATA. 2 
P.I. STATION IN FEET ? 5000 
P.I. ELEVATION ? 630 
P.C. STATION = 4750.00 	P.C. ELEVATION = 622.50 
P.T. STATION = 5250.00 	P.T. ELEVATION = 632.25 
TO FIND ELEVATION OF ANY CURVE STATION, ENTER THE 
STATION. 
ENTER 1 WHEN THROUGH. 
STATION ? 4900 
ELEVATION = 626.53 
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TO FIND ELEVATION OF ANY CURVE STATION, ENTER THE 
STATION. 
ENTER 1 WHEN THROUGH. 
STATION ? 5150 
ELEVATION = 631.14 
TO FIND ELEVATION OF ANY CURVE STATION, ENTER THE 
STATION. 
ENTER 1 WHEN THROUGH. 
STATION ? 1 
After a 1 is entered for station, the following is 
printed on the monitor : 
ANY MORE VERTICAL CURVE (Y/N) ? 
If 'Y' then the screen is cleared and the vertical 
curve design process is repeated otherwise the screen is 
cleared and the road design menu is displayed. 
Selection 3 : Top of the Page -- After a 3 is 
selected from the menu, the paper is advanced to the top of 
the page, the screen is cleared and the menu is displayed. 
Selection 4 : System Menu -- After a 4 is entered, 
the screen is cleared and the system menu is loaded. 
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C.4 ROAD EARTHWORK QUANTITY TAKE-OFF 
The road earthwork quantity take-off program is used 
mainly for roadway projects. The physical programming 
limitations of this program are as follows: 
1. Identifiers are limited to 256 characters. 
2. The number of stations is limited to 100. 
3. The number of existing and finished data points 
is limited to 100 each. 
4. The length of interval between the two 
consecutive sections is constant. 
5. The output paper width is limited to 80 
characters per line. 
6. The vertical scale in plotting the cross 
sections is 1" = 10'. 
The logical steps in road earthwork quantity take-off 
calculations are as follows: 
1. Finding the intersection points at 1' 
increments for every section. 
2. Finding the cut and fill areas between the 
consecutive intersection points and summing the 
areas. 
3. Finding the total fill and cut volumes based 
on : 
Total Volume = (A + A )/2 + A + 	+ A 
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where A is the cross section 
area at nth section. 
Once the program is loaded, the screen is cleared and 
the following is printed. 
DATA FILE NAME ? 
The user needs to input the data file name. The name 
must be 8 characters long at the most and start with a 
letter. The program assigns an extension of RD to the file 
name and the actual file name then becomes file name/RD as 
found in the directory of the disk. 
After entering the data file name, the road earthwork 
quantity take-off menu appears on the screen as follows: 
ROAD EARTHWORK QUANTITY TAKE-OFF MENU 
1. DATA INPUT 
2. REVISING THE DATA 
3. MODIFYING THE STANDARD SECTION PARAMETERS 
4. DATA OUTPUT 
5. EARTHWORK QUANTITY TAKE-OFF CALCULATIONS 
6. EQT 
7. SUMMARY OUTPUT 
8. PLOTTING THE DATA 
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9. TOP OF THE PAGE 
10. SYSTEM MENU 
ENTER YOUR SELECTION. 
All these selections will now be explained. 
Selection 1 : Data Input -- After a 1 is entered, the 
screen is cleared and the following is printed: 
JOB IDENTIFICATION ? 
The job name should be entered. Other prompts appear 
for the job number, number of sections, section interval, 
pavement depth, pavement width, cross slope, curb height, 
shoulder width, shoulder slope, cut slope and fill slope. 
After all entries are made, the user is given an opportunity 
to make corrections to the input. After interpreting the 
data entered, the screen is cleared and the entries are 
reprinted. Assumming these values were entered, the 
following is printed on the monitor: 
JOB IDENTIFICATION = BEARD TRACT 
JOB NUMBER 	= 7903 
PAVEMENT DEPTH 	= 0.50 FT 
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PAVEMENT WIDTH = 24.00 FT 
CROSS SLOPE = -2.00 % 
CURB HEIGHT = 0.50 FT 
SHOULDER WIDTH = 10.00 FT 
SHOULDER SLOPE = -2.00 % 
CUT SLOPE = 33.33 % 
FILL SLOPE = 33.33 % 
ARE THESE CORRECT (Y/N) ? 
The correction routine is self explanatory. Assumming 
that these values are correct, after the user enters 'Y', 
the screen is cleared and the following is printed on the 
monitor: 
SECTION IDENTIFICATION = 0 
ENTER . WHEN THROUGH. 
EXISTING DISTANCE ? 
The user should input the existing distance of a known 
elevation from the center line of the road in feet. The 
right side of the centerline in the increasing station 
number direction is positive and the leftside is negative. 
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Other prompts appear for existing elevation and an 
opportunity to delete the entry in case of an error. The 
process is repeated until the user is finished with the 
existing data entry for section 0. The end of the existing 
data entry is indicated by entering '.' for existing 
distance. 
After '.' is entered, the screen is cleared and the 
following appears on the monitor: 
SECTION IDENTIFICATION = 0 
STANDARD SECTION (Y/N) ? 
The user should indicate whether the section is a 
standard one or not. If 'Y', another prompt appears for the 
centerline elevation. After the entry is made, the computer 
automatically creates new points for the edge of pavement 
and edge of shoulder on both sides and determines the 
intersection points of the existing and finished grades. If 
the existing and finished grades do not tie back to each 
other at either side within the given data, a message 
appears indicating that the user must enter more existing 
data on one side of the centerline and the following is 
printed on the screen : 
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DO YOU HAVE ANY MORE DATA (Y/N) ? 
If 'Y', then the user is given a chance to enter more 
existing grade data otherwise the program assumes that the 
section is a non-standard one and the user is directed to 
enter the finished grade data. 
If the section is not standard, then other prompts 
appear for the finished distance and elevation similar to 
the existing data entry. After finished distance and 
elevation is entered, the following is printed on the screen 
ENTER 1 IF ERROR, 2 FOR VERTICAL, 3 FOR SLOPE OR PRESS ENTER. 
Option 1 is used in case of an error. Option 2 is used 
for a retaining wall or a vertical slope at the beginning or 
end of a section. If the point is not the first or the last 
point, a message indicating that is printed on the screen. 
Option 3 is used when the user wants to assign a given slope 
at the beginning or end of a section. If chosen, a prompt 
for the slope in % appears. After the slope is entered, the 
program automatically computes the intersection point of the 
existing and the finished grades. If they do not intersect 
within the given data, a message indicating that the 
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intersection is not found appears on the screen and the 
point is ignored. 
This process is repeated until the user enters '.' for 
the finished distance. 
The data entry is repeated for the other sections. 
Once the data entry is finished, the screen is cleared and 
the menu is printed on the monitor. 
Selection 2 : Revising the Data-- After a 2 is 
selected on the menu, the screen is cleared and the 
following is printed. 
NOTE : THE LOWEST SECTION MUST BE UPDATED FIRST. 
FOE EXAMPLE SECTION 50 MUST BE UPDATED (IF 
NECESSARY) BEFORE ECTION 100. 
HOW MANY SECTIONS ARE YOU REVISING ? 
The user should enter the number of sections that 
should be revised. Other prompts appear for section 
identification and whether the user wants to change the 
existing data of the section or not. If the user needs to 
change the existing data, the following appears on the 
monitor: 
DO YOU WANT TO DELETE ANY POINTS (Y/N) ? 
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If 'Y', then other prompts appear for the lowest and 
the highest distance limits to be deleted and the end of the 
deletion process on the screen. The user should enter the 
corresponding values and the deletion process is continued 
until the user enters '.' for the end of the deletion 
process. 
After the deletion process is finished, then the user 
has a chance to enter more existing data points as explained 
in the previous section. 
If the user does not want to change the existing data 
or the existing data revision is finished, the following 
appears on the screen: 
DO YOU WANT TO CHANGE THE FINISHED GRADE (Y/N) ? 
If 'Y', the prompt for standard section appears. If 
the section is standard, another prompt for the road 
centerline elevation appears. Then the computer checks for 
the intersection points of the existing and finished grades. 
If the grades do not intersect on one or both sides of 
centerline, several prompts similar to the previous 
selection appear on the monitor. After the intersection 
points are determined, the revision process is repeated for 
the next section. 
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If the section is not standard, then other prompts 
appear for the deletion process similar to the existing data 
deletion. After the deletion process is over, other prompts 
appear for the addition process similar to the finished data 
entry in the previous selection. 
If 'N', then the revision process is repeated for the 
next section. 
The revising process is repeated for the other 
sections. After the revision process is finished, the 
screen is cleared and the menu appears on the screen. 
Selection 3 : Modifying the Standard Section  
Parameters-- After a 3 is entered, the screen is cleared 
and several prompts appear for pavement depth, pavement 
width, cross slope, curb height, shoulder width, shoulder 
slope, cut slope and fill slope. After all entries are 
made, the user is given an opportunity to make corrections 
to the input. After interpreting the data entered, the 
screen is cleared and entries are reprinted for correction 
routine as explained in the first selection. After the data 
is enterd, the program automatically changes the finished 
grade of the standard sections based on the new section 
parameters and the centerline elevation of the proposed 
road. If the existing and finished grades do not tie to 
each other on any side, a message is printed on the printer 
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indicating that. The user should use the revising option in 
order to add more existing data to revise that section. 
Selection 4 : Data Output-- After a 4 is selected on 
the menu, the screen is cleared and the following is 
printed: 
1. ONE SECTION ONLY 
2. RANGE OF SECTIONS 
3. ALL SECTIONS 
4. STANDARD PARAMETERS 
ENTER YOUR SELECTION. 
The user should specify his/her selection. Option one 
prints only one section and if chosen, other prompts appear 
for section identification and whether to print all the data 
in the section or a subset of it appears on the screen. 
After all entries are made, the data are printed on the line 
printer. 
The second option prints a range of sections and if 
chosen, the prompts for the beginning and the ending 
sections appear on the screen. After all entries are made, 
the sections data are printed on the line printer. 
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The third option prints all the sections on the line 
printer. The last option prints the parameters of the 
standard section. After the completion of any of the above 
options, the screen is cleared and the menu is printed on 
the monitor. Figure Cl illustrates the data output of a 
section. 
Selection 5 : Earthwork Quantity Take-Off Calculations  
--After a 5 is selected on the menu, the screen is cleared 
and a prompt for shrinkage factor appears on the screen. 
After the user enters the shrinkage factor in percentage, 
the screen is cleared and the following appears on the 
monitor: 
SECTION IDENTIFICATION = 
ROAD EARTHWORK QUANTITY TAKE-OFF CALCULATIONS 
IN PROGRESS 
The section identification indicates the section in 
process at the time. After all the calculations is 
finished, a list of cut and fill areas of every section and 
total cut and fill volumes are printed on the screen. Next, 
the user should press enter in order to go back to the menu. 
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-120.00 960.00 -52.03 952.69 
-113.00 958.00 -38.00 957.37 
-110.00 956.00 -30.01 957.53 
-103.00 954.00 -30.00 956.23 
-25.00 952.00 0.00 956.83 
-14.00 950.00 30.00 956.23 
-7.00 948.00 30.01 957.53 
0.00 948.00 38.00 957.37 





Figure Cl. Typical Output of a Section 
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The cut and fill areas, total cut and fill volumes are 
stored on the disk for future retrieval. 
Selection 6 : EQT-- This option is used when the user 
revises only one section and wants to get an updated cut and 
fill volumes. The advantage of this option is the reduction 
in calculation time. After a 6 is selected on the menu, the 
screen is cleared and two prompts for shrinkage factor and 
section identification appear on the screen. After these 
entries are made, earthwork quantity take-off calculations 
for that section only is done. The cut and fill areas of 
the other sections are retrieved from the disk and the new 
cut and fill volumes are printed on the monitor. The user 
needs to press enter in order to go back to the menu and 
store the new areas and volumes. 
Selection 7 : Summary Output-- After a 7 is selected 
on the menu, the list of cut and fill areas of every section 
and total cut and fill volumes are printed on the printer. 
After the printing is finished, the screen is cleared and 
the menu is printed on the screen. Figure C2 shows a 
summary output. 
Selection 8 : Plotting the Data-- After an 8 is 
selected on the menu, the screen is cleared and a prompt for 
horizontal scale appear on the screen. After the horizontal 
scale is entered, the screen is cleared and the following 
appears on the screen: 
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(SQ. 	Fr. ) 
FILL AREA 
(SQ. 	Fr. ) 
0 75.77 3.85 
50 46.98 1841.80 
100 0.00 4211.40 
150 0.00 4226.17 
200 0.00 3620.30 
250 0.00 3519.20 
300 0.00 4713.11 
350 0.00 2530.96 
400 0.00 2594.70 
450 0.00 2409.68 
500 0.00 1310.94 
550 32.19 926.12 
600 363.01 568.03 
650 0.00 478.87 
700 0.00 425.00 
750 16.25 295.06 
800 0.00 378.48 
850 0.00 383.91 
900 0.00 449.66 
950 0.00 584.40 
1000 0.00 340.17 
1050 0.00 552.49 
1100 15.84 422.44 
1150 1.98 292.45 
1200 220.92 166.33 
1250 91.67 227.19 
1300 78.73 253.84 
1350 332.65 219.71 
1400 384.31 214.80 
1450 113.49 237.17 
1500 35.24 142.62 
1550 539.25 0.00 
1600 1280.83 0.00 
1650 1838.53 0.00 
Figure C2. Typical Summary Output 
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1700 1361.38 0.00 
1750 1398.25 0.00 
1800 1519.90 0.00 
1850 647.28 0.00 
1900 310.48 1141.77 
1950 86.50 273.73 
2000 618.88 4.00 
2050 574.10 52.74 
2100 604.70 31.97 
2150 315.15 242.17 
2200 93.97 396.34 
2250 190.63 230.85 
2300 362.55 236.92 
2350 565.15 85.15 
2400 618.17 19.28 
2450 608.62 0.00 
2500 1016.21 0.00 
2550 1700.07 0.00 
2600 2002.75 0.00 
2650 1484.45 0.00 
2700 2051.07 0.00 
2750 1866.55 0.00 
2800 1314.58 0.00 
2850 517.90 21.43 
2900 16.00 461.27 
2950 0.00 807.78 
3000 1.06 111.46 
3050 0.00 1251.52 
3100 1064.35 0.00 
3150 1330.16 0.00 
3200 872.07 0.00 
3250 739.07 73.54 
3300 0.00 1038.55 
3350 0.00 1737.89 
3400 0.00 1298.99 
3450 0.00 641.11 
3500 0.00 213.33 
3550 170.42 25.96 
3600 574.68 0.00 
3650 802.98 0.00 
3700 697.88 117.91 
3750 438.05 339.03 
3800 123.82 520.97 
3850 0.00 699.07 
3900 152.02 25.86 
Figure C2 Cont.. Typical Summary Output 
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3950 299.06 92.51 
4000 383.24 85.28 
4050 297.88 115.43 
4100 325.50 74.24 
4150 461.40 64.14 
4200 299.29 135.36 
4250 144.27 248.35 
4300 99.58 371.41 
4350 6.53 186.32 
4400 77.21 241.98 
4450 112.09 277.93 
4500 0.00 974.57 
4550 0.00 1221.82 
4600 0.00 1264.40 
4650 0.00 1122.99 
4700 0.00 459.79 
4750 21.92 42.15 
TOTAL CUT = 68072 
TOTAL FILL = 122660 
Figure C2 Cont.. Typical Summary Output 
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PLOTTING MENU 
1. ONE SECTION ONLY 
2. A RANGE OF SECTIONS 
3. ALL SECTIONS 
4. ROAD EARTHWORK QUANTITY TAKE-OFF PROGRAM 
ENTER YOUR SELECTION. 
Option 1 plots only one section and if chosen, the 
prompt for section identification appears on the screen. 
After the entry is made, the section is plotted on the line 
printer. The vertical scale is 1" = 10'. The '*' indicates 
the existing grade and the 1 . 1 indicates the finished grade. 
Option 2 plots a range of sections, e.g. 500 to 1200, 
and if chosen, the prompts for the beginning and the ending 
sections appear on the screen. After these entries are 
made, the sections are plotted on the line printer. 
Option 3 plots every section. In the above options, 
after the plotting is finished, the screen is cleared and 
the plotting menu is displayed. The last option returns to 
the road earthwork quantity take-off program. Figures C3 
C2 6 
through C5 illustrate the typical plots of a road cross 
section. 
Selection 9 : Top of the Page-- After a 9 is selected 
on the menu, the paper is advanced to the top of the page, 
the screen is cleared and the menu is displayed. 
Selection 10 : System Menu-- After a 10 is selected 
on the menu, the screen is cleared and the system menu is 
displayed. 
C.5 SITE PLAN EARTHWORK QUANTITY TAKE -OFF 
The site plan earthwork quantity take-off program is 
used for general civil engineering projects. The physical 
programming limitations of this program are as follows: 
1. Identifiers are limited to 256 characters. 
2. The number of stations is limited to 100. 
3. The number of existing and finished data points 
is limited to 500 each. 
4. The beginning data point must be at x = 0. 
The first and the last existing and finished 
data points must be the same. Thus the 
existing and finished grades must tie together 
at the beginning and the end of every section. 
5. The length of interval between the two 
consecutive sections is constant. 
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SECTION IDENTIFICATION = 850 
* MICATES THE EXISTING GRADE. 
. INDICATES THE FINISHED GRADE. 
0 0 0 0 
9 9 9 9 
4 5 6 7 





















Figure C3. Typical Plot of a Fill Road Cross Section 
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SECTION IDENTIFICATION = 1550 
* INDICATES THE EXISTING GRADE. 
. INDICATES THE FINISHED GRADE. 
0 0 0 0 0 1 1 1 
9 9 9 9 9 0 0 0 
5 6 7 8 9 0 1 2 






















Figure C4. Typical Plot of a Cut Road Cross Section 
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SECTION IDENTIFICATION = 4200 
* INDICATES THE EXISTING GRACE. 











































Figure C5. Typical Plot of a Cut and Fill Road Cross 
Section 
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6. The vertical scale in plotting the cross 
sections is 1" = 10'. 
The calculation procedure is the same as road earthwork 
quantity take-off program. 
Once the program is loaded, the screen is cleared and 
the following is printed: 
DATA FILE NAME ? 
The user should input the data file name. The name 
must be 8 characters long at the most and start with a 
letter. The program assigns an extension of /EQT to the 
file name and the actual file name becomes file name/EQT as 
found in the directory of the disk. 
After entering the data file name, the site plan 
earthwork quantity take-off menu appears on the screen as 
follows: 
SITE PLAN EARTHWORK QUANTITY TAKE-OFF MENU 
1. DATA INPUT 
2. REVISING THE DATA 
3. RAISING OR DOWERING THE FINISHED GRADE 
4. DATA OUTPUT 
5. EARTHWORK QUANTITY TAKE-OFF CALCULATIONS 
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6. EQT 
7. SUMMARY OUTPUT 
8. PLOTTING THE DATA 
9. TOP OF THE PAGE 
10. SYSTEM MENU 
ENTER YOUR SELECTION. 
All these selections will now be explained. 
Selection 1 : Data Input-- After a 1 is entered, the 
screen is cleared and the following is printed: 
DO YOU WANT TO PRINT THE DATA ON PRINTER (Y/N) ? 
The user needs to specify whether to print the data 
entry on the printer or not. It is a good practice to print 
the data so the data are not lost in case of power shutdown 
or some other reasons. Then the screen is cleared and the 
following is printed: 
JOB IDENTIFICATION ? 
The job name should be entered. Other prompts appear 
for the job number, number of sections and the section 
interval. After all entries are made, the user is given an 
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opportunity to make corrections to the input. After 
interpreting the data entered, the screen is cleared and the 
entries are printed. Assumming these valued were entered, 
the following is printed on the monitor: 
JOB IDENTIFICATION = WOOD GLEN 
JOB NUMBER 	= 8219 
NUMBER OF SECTIONS = 25 
SECTION INTERVAL = 50 
ARE THESE CORRECT (Y/N) ? 
The correction routine is self explanatory. Assumming 
that these values are correct, after the user enters 'Y', 
the screen is cleared and the following is printed on the 
monitor: 
SECTION IDENTIFICATION = 0 
ENTER . WHEN THROUGH. 
EXISTING DISTANCE ? 
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The user should input the existing distance of a known 
elevation from a datum line (e.g. property line) in feet. 
Other prompts appear for existing elevation and an 
opportunity to delete the entry in case of an error. The 
process is repeated until the user is finished with the 
existing data entry for section 0. The end of the existing 
data entry is indicated by entering '.' for existing 
distance. 
After '.' is entered, the screen is cleared and the 
following appears on the monitor: 
SECTION IDENTIFICATION = 0 
ENTER . WHEN THROUGH OR S FOR SAVED AREA. 
FINISHED DISTANCE ? 
The user should enter the finished distance of a known 
elevation to the same datum line. Other prompts similar to 
the existing data appears on the monitor. These promts are 
for finished elevation and an opportunity to delete the data 
entry in case of an error. The process is repeated until 
the user is finished with the data entry for section 0. The 
end of the finished data entry is indicated by entering '.' 
for finished distance. 
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In case of saved area for a length of the section, the 
user could either enter the distance and elevation of the 
contours in that segment or enter 'S' for finished distance. 
After entering 'S', two prompts for beginning and the end 
of the saved area appears on the screen. The user should 
enter the corresponding values. After all entries are made, 
the finished distance prompt appears and the process is 
repeated. 
Once the data entry for one section is finished, the 
computer sorts the data in ascending order of distances. 
Therefore, the existing and finished data do not have to be 
entered in ascending order of distances. After sorting the 
data, the program compares the first and the last data 
points of the existing and finished data. If they are the 
same, the data for that section is saved on the disk and the 
data entry process is repeated for the next section until 
all the data are entered. 
If the first and the last points of the existing and 
the finished grades are not the same, the data points are 
printed on the screen and prompts regarding the correct 
existing distance and elevation appear on the screen. After 
the entries are made, the program automatically assigns 
these values to the finished grade data. 
C35 
The data entry is repeated for other sections. Once 
the data entry is finished, the screen is cleared and the 
menu is printed on the monitor. 
Selection 2 : Revising the Data-- After a 2 is 
selected on the menu, the screen is cleared and the 
following is printed: 
NOTE : THE LOWEST SECTION MUST BE UPDATED FIRST. 
FOR EXAMPLE SECTION 50 MUST BE UPDATED (IF 
NECESSARY) BEFORE SECTION 100. 
HOW MANY SECTIONS ARE YOU REVISING ? 
The user needs to enter the number of sections that 
should be revised. Other prompts appear on the screen for 
section identification and whether the user wants to change 
the existing data of the section or not. If the user needs 
to change the existing data, the following appears on the 
monitor: 
DO YOU WANT TO DELETE ANY POINTS (Y/N) ? 
If 'Y', then other prompts appear for the lowest and 
the highest distance limits to be deleted and the end of the 
deletion process on the screen. The user needs to enter the 
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corresponding values and the deletion process is repeated 
until the user enters '.' for the end of the deletion 
process. After the deletion process is finished, then the 
user has a chance to enter more existing data points as 
explained in the previous section. After the existing data 
entry is finished, the same deletion and addition processes 
are repeated for the finished data revisions. 
If the user does not want to change the existing data, 
the same prompts appear for revising the finished data. 
The revising process is repeated for the other 
sections. After the revising process is finished, the 
screen is cleared and the menu appears on the screen. 
Selection 3 : Raising or Lowering the Finished Grade  
-- After a 3 is selected on the menu, the screen is cleared 
and the following is printed: 
NOTE : THE LOWEST SECTION MUST BE UPDATED FIRST. 
FOR EXAMPLE SECTION 50 MUST BE UPDATED (IF 
NECESSARY) BEFORE SECTION 100. 
HOW MANY SECTIONS ARE YOU REVISING ? 
The user should enter the number of sections that 
should be revised. Other prompts appear on the screen for 
section identification, lowest distance limit to be raised 
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or lowered, highest distance limit to be raised or lowered 
and how much to be raised or lowered. After these entries 
are made, the information inputed are printed on printer and 
the program automatically raises or lowers the finished 
grade. Then the following is printed on the monitor: 
ENTER . IF THROUGH OTHERWISE PRESS ENTER. 
This process is repeated until the user enters '.' at 
the end of the process. The raising or lowering process is 
repeated for the other sections. After the raising or 
lowering process is finished, the screen is cleared and the 
program menu is displayed. Figure C6 illustrates a raising 
or lowering output. 
Selections 4 through 9 :-- The options 4 through 9 
are similar to the options in road earthwork quantity 
take-off program. 
Selection 10 : System Menu-- After a 10 is entered, 
the screen is cleared and the following is printed on the 
monitor : 
INSERT SYSTEM DISK VOLUME #1. THEN PRESS ENTER. 
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200 100.00 500.00 -2.00 
250 100.00 500.00 -2.00 
300 100.00 500.00 -2.00 
350 100.00 500.00 -2.00 
400 100.00 500.00 -2.00 
500 50.00 250.00 -1.00 
500 400.00 650.00 -1.00 
550 100.00 650.00 -1.00 
600 100.00 650.00 -1.00 
700 100.00 650.00 -1.00 
700 850.00 950.00 -1.00 
750 100.00 650.00 -1.00 
Figure C6. Typical Raising or Lowering Output 
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After the user inserts the system disk volume #1 and 
presses enter, the system menu is loaded. 
C.6 CYCLONE FOR MICROCOMPUTERS 
CYCLONE for Microcomputers is made up of five different 
modules as follows : 
1. Beta module 
2. Model module 
3. Input module 
4. Simulation module 
5. Report module. 
Each module constitutes one program. These programs 
are internally linked together and data is transferred from 
one program to another with a minimum of user intervention. 
Beta, input, simulation and report modules were 
originally developed by Lluch [22]. The author modified 
these modules and added the model module. The following 
sections are primarily a revision of user manual of CYCLONE 
for Microcomputers by Lluch [22]. 
C.6.1 Beta Module 
This program consists of a decision support routine to 
help the user prescribe the distributions for the duration 
of the activities. It is a menu driven program. Values 
selected are stored on the diskette under the keyname of the 
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process and extension SET. (For a process named TRUCK, the 
file containing the parameters is TRUCK/SET). The 
importance of using the same keyname for the process 
throughout the five modules is emphasized. 
Once the program is loaded, the screen is cleared and a 
prompt appears for the process keyname. The process keyname 
must be 1 to 8 characters or numbers starting with a letter. 
After the process keyname is entered, the following menu 
appears on the screen. It is the main menu. 
1. BETA FROM GROUPED DATA 
2. BETA FROM UNGROUPED DATA 
3. BETA FROM MEAN, VARIANCE, LOW AND HIGH LIMIT 
4. CONSTANT OR UNIFORM DURATION 
5. NONSTATIONARY COMPONENT 
6. SAVE DURATION SET ON DISK 
ENTER SELECTION. 
All these selections will now be explained. 
Selection 1 : Beta from Grouped Data-- After a 1 is 
entered, the screen is cleared and the following is printed: 
ENTER THE FOLLOWING FOR GROUPED DATA. 
1. ENTER THE LOWEST OBSERVATION. 
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The low limit for the first interval of the collected 
data should be entered. Other prompts appear for the 
interval width and the number of intervals. After all 
entries are made, the user is given an opportunity to make 
corrections to the input. After interpreting the data 
entered, the screen is cleared and the entries are 
reprinted. Assumming theses values were entered, the 
following is printed on the monitor: 
1. ENTER THE LOWEST OBSERVATION 	 10 
2. ENTER INTERVAL WIDTH FOR THE COLLECTED DATA 	2 
3. ENTER THE NUMBER OF INTERVALS 	 5 
DO YOU WANT TO MAKE CORRECTIONS (Y/N) ? 
The correction routine is self explanatory. Assumming 
that no corrections are needed, after the user enters 'N' 
for no corrections, the screen is cleared and the following 
is printed: 
ENTER THE NUMBER OF 'BSERVATIONS IN EACH INTERVAL. 
1. ENTER THE OBSERVATIONS ON INTERVAL 1. 
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This is repeated for all the intervals. The correction 
routine interrupts the process after every five intervals to 
provide for error correction. After data is entered for the 
last interval, the following menu is printed: 
1. PLOT FOR THE FITTED DISTRIBUTION 
2. MAIN MENU 
ENTER YOUR SELECTION. 
The plot routine is used on selections 1, 2 and 3 of 
the main menu. It will now be explained. 
After the user selects the plot of the distribution, 
100 coordinates of the fitted beta function are calculated 
and plotted on the screen. Figure C7 shows a plot of a 
fitted beta function. The calculated beta parameters are 
printed on the plot. The message 'R-RETURN to MENU E-END 
AND SAVE VALUES' is printed below the plot. If the user is 
satisfied with the fitted distribution and no nonstationary 
parameters are to be specified, an 'E' is entered. This 
causes the program to jump directly to selection 6. 
Selection 2 : Beta from Ungrouped Data--After a 2 is 
selected on the main menu, the screen is cleared and the 
following is printed: 
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LOW= 6 	 DURATION 	 HIGH= 13 
R—RETURN TO MENU 	E—END AND SAVE VALUES ? 
Figure C/. Typical Plot of Beta Distribution as Plotted on Screen. 
UNGROUPED DATA ANALYSIS 
ENTER THE FOLLOWING NUMBER OF FIELD OBSERVATIONS. 
After the number of observations for the duration of 
the activity is entered, the screen is cleared and the 
following is printed: 
ENTER MORE FIELD OBSERVATIONS FOR DURATION OF 
THE ACTIVITY TOTAL ENTERED UP TO NOW = 0 
1. ENTER DATA POINT NUMBER 1 
After entering the first data point, a prompt will 
appear for the second data point, etc. After five points 
are entered, the user is given the opportunity to make 
corrections on those five points. The following is printed 
on the screen at this moment (assumming these were the 
numbers entered). 
1. ENTER DATA POINT 1 9.5 
2. ENTER DATA POINT 2 9 
3. ENTER DATA POINT 3 9.8 
4. ENTER DATA POINT 4 8.5 
5. ENTER DATA POINT 5 8.6 
DO YOU WANT TO MAKE CORRECTIONS (Y/N) ? 
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This process is repeated for all observations in 
batches of five observations at a time. After all 
observations are entered, the screen is cleared and the 
following is printed: 
1. PLOT OF THE FITTED DISTRIBUTION 
2. MAIN MENU 
ENTER SELECTION. 
The plot routine is similar to that described unser 
selection 1. 
Selection 3 : Beta from Mean, Variance, Low and High  
Limit-- After the 3 is entered on the main menu, the screen 
is cleared and the following is printed: 
ENTER THE FOLLOWING FOR THE DATA SAMPLE 
1. SAMPLE MEAN 
After the mean is entered, prompts appear for entering 
the sample variance, the low limit and high limit. The user 
is given a chance to corroborate the entries. Assumming 
these numbers were entered, the following is printed: 
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1. SAMPLE MEAN 	 5 
2. SAMPLE VARIANCE 	 2 
3. SAMPLE LOW LIMIT 	 2 
4. SAMPLE HIGH LIMIT 	 10 
DO YOU WANT TO MAKE CORRECTIONS (Y/N) ? 
If no corrections are required, the following menu is 
printed: 
1.. PLOT OF FITTED DISTRIBUTION 
2. MAIN MENU 
ENTER SELECTION. 
The plot routine is described under selection 1. 
Selection 4 : Constant or Uniform Duration--  After a 
4 is entered, the screen is cleared and the following is 
printed: 
UNIFORM OR CONSTANT DISTRIBUTION (FOR CONSTANT 
DURATIONS ENTER THE LOW LIMIT EQUAL TO THE 
HIGH LIMIT) 
1. ENTER THE LOWER LIMIT 
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After entering the lower limit, a prompt is printed for 
entering the high limit. The user is given the opportunity 
to make corrections. The following is printed at this point 
(assumming these numbers were entered): 
1. ENTER THE LOW LIMIT 	 10 
2. ENTER THE HIGH LIMIT 	 20 
DO YOU WANT TO MAKE CORRECTIONS (Y/N) ? 
Assumming no corrections are required, the user is 
given the opportunity of saving the values or returning to 
the main menu. 
Selection 5 : Nonstationary Component--After this 
option is selected, the following prompt is printed on the 
monitor: 
NONSTATIONARY COMPONENT 
1. ENTER INITIAL DURATION 
After the initial duration is entered, prompts are 
printed for entering the initial duration, the intermediate 
duration, number of realizations to the intermediate 
duration, the final duration, number of realizations to the 
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final duration, the interpolation method and the node to be 
used as counter for the realizations. The following 
illustrates these entries. 
1. ENTER THE INITIAL DURATION 	 10 
2. ENTER THE INTERMEDIATE DURATION 	 17.5 
3. ENTER REALIZATIONS TO INTERMEDIATE DURATION 50 
4. ENTER THE FINAL DURATION 
	
20 
5. ENTER REALIZATIONS TO FINAL DURATION 
	
100 
6. Q - Quadratic S - Spline L - Linear 
	
Q 
7. NODE TO BE USED AS REALIZATIONS COUNTER 
	
5 
DO YOU WANT TO MAKE CORRECTIONS (Y/N) ? 
If no corrections are required, the program prints the 
following menu: 
1. PLOT REPRESENTATIVE OF INTERPOLATION METHOD 
2. RETURN TO MAIN MENU 
If the user selected number 1, the fitted curve is 
plotted on the screen. The following one line menu appears 
below the plot: 
R - RETURN TO MENU Q - QUADRATIC L - SPLINE ? 
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The user has the opportunity of changing the curve 
fitted from his/her original selection to the other two 
options. In the example above, if the user selects the L, a 
linear interpolation between the three points is plotted on 
the monitor and the one line menu is repeated. When the 
user is satisfied with the fit, the R should be entered to 
return to the main menu. 
Selection 6 : Save Duration Set on Disk-- After the 6 
is selected on the main menu, the screen is cleared and the 
following is printed (hypothetical numbers): 
THE PARAMETERS FOR THE BETA DISTRIBUTION ARE : 
A = 10 B = 15 R = 4 N = 8 
1. ENTER A NUMERICAL LABEL FOR THIS PARAMETER SET 
After the numerical label is entered, the set is saved 
on disk. The program is run again internally. This results 
in the main menu being printed on the screen. It is now 
ready for another parameter set. 
C.6.2 Model Module 
This program consists of standard CYCLONE models for 
the road construction. For each road construction activity 
to be analyzed, the computer describes the standard CYCLONE 
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networks. The user inputs process keyname, quantity, work 
task durations, number of resources, costs and data file 
name to the standard CYCLONE network to be used. After all 
the entries are made correctly, the program automatically 
generates the CYCLONE problem oriented language 
specification for the chosen standard CYCLONE model. Then, 
the input module is loaded in order to process the CYCLONE 
problem oriented language specification. 
The user has the option in this module to reject the 
standard CYCLONE networks presented and to define his/her 
own cyclic network in CYCLONE problem oriented language 
format. This user defined network is then utilized for the 
productivity calculations and is stored for future reference 
and utilization. 
Once the program is loaded, the screen is cleared and 
the following is printed on the screen. It is menu driven. 
STANDARD CYCLONE MODELS MENU 




5. PLACING, SPREADING, COMPACTION AND GRADING OF 
SUBGRADE 
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6. PLACING, SPREADING, COMPACTION AND GRADING OF 
NONSTABILIZED BASE OR SUBBASE 
7. PLACING, SPREADING, COMPACTION AND GRADING OF 
STABILIZED BASE OR SUBBASE 
8. ASPHALT PAVING 
9. CONCRETE PAVING 
10. USER SPECIFIED CYCLONE MODEL 
ENTER YOUR SELECTION. 
The user needs to input information regarding work task 
durations, number of resources, costs and etc. in Selections 
1 through 9. After all entries are made, the user is given 
an opportunity to make corrections to the input. After the 
correction routine, the program automatically generates the 
CYCLONE problem oriented language description for the 
standard CYCLONE model and the input module is loaded next. 
All these selections will now be explained. 
Selection 1 : Clearing and Grubbing-- After a 1 is 
entered, the screen is cleared and the following is printed 
on the screen : 
1. STANDARD CLEARING AND GRUBBING CYCLONE MODEL #1 
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THE ONLY EQUIPMENT USED IS A CLEARING/GRUBBING UNIT 
(E.G. DOZER). THE WORK TASKS ARE PUSHING FORWARD, 
STOCKPILING, BACKING UP AND BURNING. 
2. STANDARD CLEARING AND GRUBBING CYCLONE MODEL #2 
THE EQUIPMENTS USED ARE CLEARING/GRUBBING UNIT (E.G. 
DOZER), LOADING UNIT (E.G. FRONT END LOADER) AND 
HAULING UNIT (E.G. TRUCK). THE WORK TASKS ARE 
PUSHING FORWARD, STOCKPILING, BACKING UP, LOADING, 
HAULING, DUMPING AND RETURNING. 
ENTER YOUR SELECTION. 
If standard clearing and grubbing CYCLONE model #1 is 
chosen, the screen is cleared and several prompts appear for 
process keyname, area to be cleared in acres, area cleared 
in each pass in square feet, pushing forward duration in 
minutes, stockpiling duration in minutes, backing up 
duration in minutes, number of clearing/grubbing units, 
fixed and variable costs per unit and data file name. After 
all entries are made, the screen is cleared and the entries 
are reprinted. Assumming these values were entered, the 
following is printed on the monitor : 
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PROCESS KEYNAME 	 = CLEARING 
AREA TO BE CLEARED 	 = 5.00 AC. 
AREA CLEARED IN EACH PASS 	= 200.00 SQ. FT. 
PUSHING FORWARD DURATION 	 = 2.00 MIN. 
STOCKPILING DURATION 	 = 	1.00 MIN. 
BACKING UP DURATION 	 = 	1.00 MIN. 
NUMBER OF CLEARING/GRUBBING UNITS = 1 
FIXED COST 	 = $0.00 
VARIABLE COST 	 = 50.00 $/HR 
DATA FILE NAME 	 = CL1 
ARE THESE CORRECT (Y/N) ? 
The correction routine is self explanatory. 
If standard clearing and grubbing CYCLONE model #2 is 
chosen, the screen is cleared and several prompts appear for 
process keyname, area to be cleared in acres, area cleared 
in each pass in square feet, pushing forward duration in 
minutes, stockpiling duration in minutes, backing up 
duration in minutes, loading duration in minutes, hauling 
duration in minutes, dumping duration in minutes, returning 
duration in minutes, number of clearing and grubbing units, 
fixed and variable costs per unit, number of loading units, 
fixed and variable costs per unit, number of hauling units, 
fixed and variable costs per unit and data file name. 
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Selection 2 : Stripping-- After a 2 is selected on 
the menu, the screen is cleared and the following is printed 
on the screen : 
STANDARD STRIPPING CYCLONE MODEL 
THE ONLY EQUIPMENT USED IS AN EXCAVATING/LOADING/ 
HAULING/DUMPING/SPREADING UNIT (E.G. SCRAPER). 
THE WORK TASKS ARE EXCAVATING/LOADING, HAULING,DUMPING/ 
SPREADING AND RETURNING. 
PRESS ENTER. 
After the user presses enter, the screen is cleared and 
several prompts appear for process keyname, area in acres, 
top soil in inches, excavating/loading duration in minutes, 
hauling duration in minutes, dumping/spreading duration in 
minutes, number of excavating/loading units, fixed and 
variable costs per unit and data file name. 
Selection 3 : Excavation-- After a 3 is entered, the 
screen is cleared and the following is printed on the screen 
1. STANDARD EXCAVATION CYCLONE MODEL #1 
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THE EQUIPMENTS USED ARE EXCAVATING UNIT (E.G. FACE 
SHOVEL), LOADING UNIT (E.G. FRONT END LOADER), 
HAULING UNIT (E.G. TRUCK) AND SPREADING UNIT (E.G. 
DOZER). THE WORK TASKS ARE EXCAVATING, STOCKPILING 
SOIL, LOADING, HAULING, DUMPING, RETURNING AND 
SPREADING DIRT. 
2. STANDARD EXCAVATION CYCLONE MODEL #2 
THE EQUIPMENTS USED ARE EXCAVATING/LOADING/HAULING/ 
SPREADING UNIT (E.G. SCRAPER) AND PUSHING UNIT (E.G. 
PUSHER). THE WORK TASKS ARE PUSHING/LOADING, 
HAULING, DUMPING/SPREADING AND RETURNING. 
3. STANDARD EXCAVATION CYCLONE MODEL #3 
THE EQUIPMENTS USED ARE EXCAVATING/LOADING UNIT 
(E.G. CRANE), HAULING UNIT (E.G. TRUCK) AND 
SPREADING UNIT (E.G. DOZER). THE WORK TASKS ARE 
EXCAVATING, LOADING, HAULING, DUMPING, RETURNING AND 
SPREADING. 
ENTER YOUR SELECTION. 
C56 
If standard excavation CYCLONE model #1 is chosen, the 
screen is cleared and several prompts appear for process 
keyname, quantity in c.y., .excavation duration in minutes, 
stockpiling duration in minutes, loading duration in 
minutes, hauling duration in minutes, dumping duration in 
minutes, returning duration in minutes, spreading duration 
in minutes, number of excavating units, production capacity 
in c.y., fixed and variable costs per unit, number of 
loading units, production capacity in c.y., fixed and 
variable costs per unit, number of spreading units, fixed 
and variable costs per unit and data file name. 
If standard excavation CYCLONE model #2 is chosen, the 
screen is cleared and several prompts appear for process 
keyname, quantity in c.y., pushing/loading duration in 
minutes, hauling duration in minutes, dumping/spreading 
duration in minutes, returning (excavating/loading unit) 
duration in minutes, returning (pushing unit) duration in 
minutes, number of excavating/loading units, production 
capacity in c.y., fixed and variable costs per unit, number 
of pushing units, fixed and variable costs per unit and data 
file name. 
If standard excavation CYCLONE model #3 is chosen, the 
screen is cleared and several prompts appear for process 
keyname, quantity in c.y., excavation duration in minutes, 
loading duration in minutes, hauling duration in minutes, 
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spreading duration in minutes, number of excavating/loading 
units, production capacity in c.y., fixed and variable costs 
per unit, number of hauling units, production capacity in 
c.y., fixed and variable costs per unit, number of spreading 
units, fixed and variable costs per unit and data file name. 
Selection 4 : Ditching-- After a 4 is selected on the 
menu, the screen is cleared and the following is printed on 
the monitor : 
1. STANDARD DITCHING CYCLONE MODEL #1 
THE EQUIPMENTS USED ARE DITCHING UNIT (E.G. DITCHER) 
, LOADING UNIT (E.G. FRONT END LOADER), HAULING UNIT 
(E.G. TRUCK) AND SPREADING UNIT (E.G. DOZER). THE 
WORK TASKS ARE DITCHING, LOADING, HAULING, DUMPING, 
RETURNING AND SPREADING. 
2. STANDARD DITCHING CYCLONE MODEL #2 
THE EQUIPMENTS USED ARE DITCHING/LOADING UNIT (E.G. 
DITCHER), HAULING UNIT (E.G. TRUCK) AND SPREADING 
UNIT (E.G. DOZER). THE WORK TASKS ARE DITCHING, 
LOADING, HAULING, DUMPING, RETURNING AND SPREADING. 
ENTER YOUR SELECTION. 
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If standard ditching CYCLONE model #1 is chosen, the 
screen is cleared and several prompts appear for process 
keyname, quantity in c.y., ditching duration in minutes, 
loading duration in minutes, hauling duration in minutes, 
dumping duration in minutes, returning duration in minutes, 
spreading duration in minutes, number of ditching units, 
production capacity in c.y., fixed and variable costs per 
unit, number of loading units, production capacity in c.y., 
fixed and variable costs per unit, number of hauling units, 
production capacity in c.y., fixed and varible costs per 
unit, number of spreading units, fixed and variable costs 
per unit and data file name. 
If standard ditching CYCLONE model #2 is chosen, the 
screen is cleared and several prompts appear for process 
keyname, quantity in c.y., ditching duration in minutes, 
loading duration in minutes, hauling duration in minutes, 
dumping duration in minutes, returning duration in minutes, 
spreading duration in minutes, number of ditching/loading 
units, production capacity in c.y., fixed and variable costs 
per unit, number of hauling units, production capacity in 
c.y., fixed and variable costs per unit, number of spreading 
units, fixed and variable costs per unit and data file name. 
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Selection 5 : Placing, Spreading, Compaction and  
Grading of Subgrade-- After a 5 is entered, the screen is 
cleared and the following is printed on the screen : 
STANDARD PLACING, SPREADING, COMPACTION AND FINAL 
GRADING OF SUBGRADE CYCLONE MODEL 
THE EQUIPMENTS USED ARE LOADING UNIT (E.G. FRONT END 
LOADER), HAULING UNIT (E.G. TRUCK), WATER SPRAYING UNIT 
(E.G. WATER TRUCK), SPREADING/COMPACTING UNIT (E.G. 
DOZER) AND FINAL GRADING UNIT (E.G. MOTOR GRADER). 
THE WORK TASKS ARE LOADING, HAULING, DUMPING, RETURNING 
, WATER SPRAYING, SPREADING/COMPACTING AND FINAL 
GRADING. 
PRESS ENTER. 
After the user presses enter, the screen is cleared and 
several prompts for process keyname, quantity in c.y., 
loading duration in minutes, hauling duration in minutes, 
durripi.ng duration in minutes, returning duration in minutes, 
water spraying duration in minutes, spreading/compacting 
duration in minutes, final grading duration in minutes, 
number of loading units, production capacity in c.y., fixed 
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and variable costs per unit, number of hauling units, 
production capacity in c.y., fixed and variable costs per 
unit, number of water spraying units, fixed and variable 
costs per unit, number of spreading/compacting units, fixed 
and variable costs per unit, number of final grading units, 
fixed and variable costs per unit and data file name. 
Selection 6 : Placing, Spreading, Compaction and  
Grading of Nonstabilized Base or Subbase-- After a 7 is 
selected on the menu, the screen is cleared and the 
following is printed on the monitor : 
STANDARD PLACING, SPREADING, COMPACTION AND GRADING OF 
NONSTABILIZED BASE OR SUBBASE CYCLONE MODEL 
THE EQUIPMENTS USED ARE SPREADING UNIT (E.G. DOZER), 
WATER SPRAYING UNIT (E.G. WATER TRUCK) AND COMPACTING 
UNIT (E.G. DOZER). 
THE WORK TASKS ARE SPREADING, WATER SPRAYING AND 
COMPACTION. 
PRESS ENTER. 
After the user presses enter, the screen is cleared and 
several prompts appear for process keyname, quantity in 
C61 
c.y., spreading duration in minutes, water spraying duration 
in minutes, compaction duration in minutes, number of 
spreading units, production capacity in c.y., fixed and 
variable costs per unit, number of water spraying units, 
fixed and variable costs per unit, number of compaction 
units, fixed and variable costs per unit and data file name. 
Selection 7 : Placing, Spreading, Compaction and  
Grading of Stabilized Base or Subbase-- After a 7 is 
entered, the screen is cleared and the following is printed 
on the screen : 
1. STANDARD PLACING, SPREADING, COMPACTION AND GRADING 
OF STABILIZED BASE OR SUBBASE CYCLONE MODEL #1 
(MIXED IN PLACE) 
THE EQUIPMENTS USED ARE SCARIFYING UNIT (E.G. 
SCARIFIER), STABILIZER APPLICATION UNIT (E.G. 
MECHANICAL SPREADER), WATER SPRAYING UNIT (E.G. 
WATER TRUCK), PULVERIZING/MIXING UNIT (E.G. MIXER) 
AND COMPACTING UNIT (E.G. ROLLER). 
THE WORK TASKS ARE SOIL PREPARATION, STABILIZER 
APPLICATION, WATER SPRAYING, PULVERIZING/MIXING AND 
COMPACTION. 
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2. STANDARD PLACING, SPREADING, COMPACTION AND GRADING 
OF STABILIZED BASE OR SUBBASE CYCLONE MODEL #2 
(CENTRAL PLANT) 
THE EQUIPMgNTS USED ARE HAULING UNIT (E.G. TRUCK), 
SPREADING UNIT (E.G. DOZER), WATER SPRAYING UNIT 
(E.G. WATER TRUCK) AND COMPACTION UNIT (E.G. 
ROLLER. 
THE WORK TASKS ARE STABILIZER BATCH PREPARATION, 
LOADING, HAULING, DUMPING, SPREADING, WATER 
SPRAYING AND COMPACTION. 
ENTER YOUR SELECTION. 
If standard CYCLONE model #1 (mixed in road) is chosen, 
the screen is cleared and several prompts appear for process 
keyname, quantity in c.y., soil preparation duration in 
minutes, stabilizer application duration in minutes, water 
spraying duration in minutes, pulverizing/mixing duration in 
minutes, compaction duration in minutes, number of 
scarifying units, production cap„,city in c.y., fixed and 
variable costs per unit, number of stabilizer application 
units, fixed and variable costs per unit, number of water 
spraying units, fixed and variable costs per unit, number of 
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pulverizing/mixing units, fixed and variable costs per unit, 
number of compaction units, fixed and variable costs per 
unit and data file name. 
If standard CYCLONE model #2 (central plant) is chosen, 
the screen is cleared and several prompts appear for process 
keyname, quantity in c.y., mixing duration in minutes, 
loading duration in minutes, hauling duration in minutes, 
dumping duration in minutes, returning duration in minutes, 
spreading duration in minutes, water spraying duration in 
minutes, compaction duration in minutes, number of hauling 
units, production capacity in c.y., fixed and variable costs 
per unit, number of spreading units, fixed and variable 
costs per unit, number of compacting units, fixed and 
variable costs per unit and data file name. 
Selection 8 : Asphalt Paving-- After an 8 is selected 
on the menu, the screen is cleared and the following is 
printed on the screen : 
STANDARD ASPHALT PAVING CYCLONE MODEL 
THE EQUIPMENTS USED ARE HAULING UNIT (E.G. TRUCK), 
PAVING UNIT (E.G. PAVER) AND COMPACTING UNIT (E.G. 
ROLLER). 
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THE WORK TASKS ARE ASPHALT BATCH PREPARATION, LOADING, 
HAULING, DUMPING, RETURNING, PLACING AND COMPACTING. 
PRESS ENTER. 
After the user presses enter, the screen is cleared and 
several prompts appear for process keyname, quantity in 
c.y., preparing asphalt batch duration in minutes, loading 
duration in minutes, hauling duration in minutes, dumping 
duration in minutes, returning duration in minutes, number 
of hauling units, production capacity in c.y., fixed and 
variable costs per unit, number of paving units, fixed and 
variable costs per unit, number of compacting units, fixed 
and variable costs per unit and data file name. 
Selection 9 : Concrete Paving-- After a 9 is entered, 
the screen is cleared and the following is printed on the 
monitor : 
STANDARD CONCRETE PAVING CYCLONE MODEL 
THE EQUIPMENTS USED ARE HAULING UNIT (E.G. TRUCK). 
PAVING UNIT (E.G. PAVER) AND FINISHING UNIT (E.G. 
FINISHER). 
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THE WORK TASKS ARE CONCRETE BATCH PREPARATION, LOADING, 
DUMPING, RETURNING, PLACING AND FINISHING. 
PRESS ENTER. 
After the user presses enter, the screen is cleared and 
several prompts appear for process keyname, quantity in 
c.y., preparing concrete batch duration in minutes, loading 
duration in minutes, hauling duration in minutes, dumping 
duration in minutes, returning duration in minutes, placing 
duration in minutes, finishing duration in minutes, number 
of hauling units, production capacity in c.y., fixed and 
variable costs per unit, number of paving units, fixed and 
variable costs per unit, number of finishing units, fixed 
and variable costs per unit and data file name. 
Selection 10 : User Specified CYCLONE Model-- After a 
10 is selected on the menu, the screen is cleared and the 
following appears on the screen : 
DO YOU HAVE A DATA FILE (Y/N) ? 
After the user answers the above question, another 
prompt appears for the data file name. After the user 
enters the data file name, the following menu is displayed 
on the monitor : 
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USER SPECIFIED CYCLONE MODELS MENU 
1. DATA ENTRY 
2. ADD A LINE 
3. DELETE A LINE 




8. STANDARD CYCLONE MODELS MENU 
ENTER YOUR SELECTION. 
All these selections will now be explained. 
Selection 1 : Data Entry-- After a 1 is entered, the 
screen is cleared and the following is printed on the 
monitor : 
PRESS ENTER WHEN THROUGH. 
LINE #1 ? 
The user should enter the CYCLONE problem oriented 
language specification one line at a time. This process is 
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repeated until the user presses enter when the prompt for a 
new line appears. 
Selection 2 : Add a Line-- After a 2 is selected from 
the menu, the screen is cleared and the following is printed 
on the monitor : 
NOTE : YOU SHOULD SPECIFY THE LINE NUMBER. 
E.G. ENTER 3 IF YOU WANT TO INSERT A LINE 
BETWEEN LINES 2 AND 3. 
ENTER 0 WHEN THROUGH. 
NEW LINE NUMBER ? 
After the user enters the new line number, another 
prompt appears for entering the line. This process is 
repeated until the user enters 0 for the new line number. 
Selection 3 : Delete a Line-- After a 3 is entered, 
the screen is cleared and the following is printed on the 
screen : 
ENTER 0 WHEN THROUGH. 
LINE NUMBER m0 BE DELETED ? 
After the user enters the line number, the computer 
prints the line and gives the user an opportunity to change 
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his/her mind. The deletion process is repeated until the 
user enters 0 for the line number to be deleted. 
Selection 4 : Edit a Line-- After a 4 is selected, 
the screen is cleared and the following is printed on the 
monitor : 
ENTER 0 WHEN THROUGH. 
LINE NUMBER TO BE EDITED ? 
After the user enters the line number to be edited, the 
computer prints the line and a prompt for entering the 
revised line appears on the screen. The editing process is 
repeated until the user enters 0 for the line to be edited. 
Selection 5 : Display-- After a 5 is selected on the 
menu, the screen is cleared and the first 8 lines of the 
CYCLONE problem oriented language specification is printed 
on the monitor. A prompt for continuing or returning to the 
previous 8 lines appears on the screen. This process is 
repeated until all of the CYCLONE problem oriented language 
specification are printed on the monitor. 
Selection 6 : Print-- After a 6 is entered, the 
CYCLONE problem oriented language specification is printed 
on the printer. Then the menu is displayed on the monitor. 
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Selection 7 : Simulate-- After a 7 is selected on the 
menu, the input module is loaded for processing the CYCLONE 
problem oriented language specification. 
Selection 8 : Standard CYCLONE Models Menu-- After an 
8 is entered, the screen is cleared and the standard CYCLONE 
models menu is displayed on the monitor. 
C.6.3 Input Module 
This program contains data processing routines 
translating CYCLONE problem oriented language into internal 
data structure. It also contains error trapping routines. 
While the program is being executed, it prints on the 
monitor the sentence that is processing at that point. If a 
fatal error is detected at this stage, an error message is 
printed below the sentence and program execution is stopped. 
The user should make the appropriate corrections to the 
CYCLONE problem oriented language specification and rerun 
the program. The following example illustrates the 
detection of an error while processing an activity : 
PROCESSING LINE 
10 COMBI 'DUMP' PRE 3 4 FOL 1 2 
DURATION SET MISSING 
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BREAK 
The error trapping routine is directed toward 
identifying errors on network logic, data omission, 
illogical entries and lack of data. Network errors are 
cheched after all the CYCLONE problem oriented language 
specification have been processed. If there are no errors 
detected, the data is saved on the disk and the simulation 
program is run. The CYCLONE problem oriented language is 
described in Appendix B. 
In case of an error and interruption in the program 
execution, the user should type RUN MODELl/CYC and press 
enter in order to run the model module. 
C.6.4 Simulation Module 
This is the program in charge of conducting the 
simulation and collecting statistics. It also contains 
error trapping routines. If an error is detected during 
program execution, control is automatically transferred to 
the network logic report. This report is covered in the 
user guide for report module. This program prints on the 
monitor the event list and the chronological list while 
simulation is being conducted. 
Simulation module loads data from the file "keyname of 
process"/DAT which is produced by the input module. It then 
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proceeds with simulation. Figure C8 shows the screen 
content during a typical simulation run. The event list 
shows the activities as they are scheduled while the 
chronological list shows the activities in time order as 
simulation time is advanced. When simulation ends, the 
output is saved on file "keyname of process"/OUT. The 
following menu is printed. It is self explanatory. 
PLEASE SELECT 
1. LOAD THE REPORT MODULE 
2. REPORT BY ELEMENT IN THIS PROGRAM ( MAINLY FOR 
DEBUGGING) 
ENTER SELECTION. 
C.6.5 Report Module 
This program prints various types of reports. It loads 
data from file "keyname of process"/OUT created at the end 
of simulation module. The following is printed after the 
data is loaded from disk. 
MAIN MENU 
1. REPORT BY ELEMENT 
	
2. CYCLONE MONITORING 
2. PRODUCTION BY CYCLE 
	
4. PROCESS SUMMARY 
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t*********** ,t******************************************************** 
EVENT LIST 	 CHRONOLOGICAL LIST 
Label T-NOW DURA. E.E.T. 	LABEL T-NOW E.E.T. COUNTER 
*********************************************************************** 
4 0.0 4.0 4.0 4 0.0 4.0 1 
5 4.0 15.0 19.0 5 4.0 19.0 1 
6 4.0 20.0 24.0 4 19.0 23.0 2 
4 19.0 4.0 23.0 6 4.0 24.0 1 
5 23.0 15.0 38.0 5 23.0 38.0 2 
6 23.0 20.0 43.0 4 38.0 42.0 3 
4 38.0 4.0 42.0 6 23.0 43.0 2 
5 42.0 15.0 57.0 5 42.0 57.0 3 
6 42.0 20.0 62.0 4 57.0 61.0 4 
*********************************************************************** 
Figure C8. Typical Simulation Run 
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5. NETWORK LOGIC REPORT 
	
6. SYSTEM MENU 
ENTER SELECTION. 
Each report will now be explained. 
Selection 1 : Report by Element-- When 1 is selected 
on the main menu, this secondary menu is printed: 
1. SORTED BY LABEL IN INCREASING ORDER 
2. USER DEFINED REPORT 
3. PRECEDERS AND FOLLOWERS OF SELECTED COMBI 
ENTER SELECTION. 
All of these three reports provide the same information 
about the nodes included in the report. They only differ on 
the nodes included. Selection 1 includes all sorted by 
numerical label in increasing order. Selection 2 is used to 
prepare user defined reports. The third selection is very 
useful when studying the behavior of a COMBI activity. The 
only nodes in this report are the preceding Que nodes, the 
followers of the selected COMBI and the COMBI itself. 
Figure C9 shows a typical report prepared under selection 1. 
Selection 2 : CYCLONE Monitoring-- This report is a 
list of the activities as they are executed during 
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TYPE LABEL DESCRIPTION 	 STATISTICS 
QUE 2 TRUCK IDLE AVE WAIT = 0.44 AVE UNITS = 0.4 
PERC BUSY = 34 UNITS END = 0 
OOKBI 3 DIVERT TO BCKHOE MEAN DUR = 0.10 ARTIME = 2.4 
COUNT a 	51 AVE NUMBER = 	0.042 PERC BUSY = 04 
COMB' 4 DIVERT TO F.L. 	MEAN DUR = 0.10 ARTD 	= 2.3 
COUNT = 52 AVE NUMBER = 0.043 PERC BUSY = 04 
QUE 5 WAIT LOADED AVE WAIT = 0.00 AVE UNITS = 0.0 
PERC BUSY = 00 UNITS END = 0 
QUE 6 BCKROE IDLE AVE WATT = 0.00 AVE UNITS = 0.0 
PERC BUSY = 00 UNITS END = 0 
Figure C9. Typical Report by Elements 
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simulation. It contains the description of the activity, 
its numerical label, its start time (TNOW), its end event 
time (E.E.T.) and the number of times it has been realized 
(COUNT). Only ten activities are printed on the monitor at 
any one time. The menu 'R-RETURN TO LAST PAGE M-MAIN MENU 
C-CONTINUE' appears below these ten activities. A 'C' 
causes the next ten activities to be printed. An 'R' prints 
the ten previously printed activities. The 'M' takes the 
user back to the main menu. Figure C10 illustrates a 
typical cycle monitoring report. 
Selection 3 : Production by Cycle-- Many processes go 
through a transcient state at which production is changing 
with time. After this state, production stabilizes and gets 
constant or nearly constant. The production by cycle report 
is designed to help the user identify at what cycle or after 
how many iterations, the system approaches steady state 
behavior. 
The production by cycle report prints productivity 
statistic for the first 100 cycles. For each cycle, the 
simulation time, the cycle number and the productivity are 
printed. Figure Cll illustrates a typical production by 
cycle report. The production figure is based on the units 
for the quantity multiplier specified in the control input 
paragraph and the same time units as the simulation time. 
As in the case of the cycle monitoring report, only ten 
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*********************************************************************** 
DESCRIPTION 	 LABEL T-NC)W E.E.T. COUNTER 
*********************************************************************** 
DIVERT TO F.L. 4 0.0 0.0 1 
3 0.0 0.1 1 DIVERT TO BCKHOE 
1 CYCLE F.E.L. 8 0.1 1.6 1 
1 CYCLE B.H. 7 0.1 1.6 1 
TRUCK LOADED 12 1.6 2.4 1 
TRUCK LOADED 11 1.6 2.4 1 
DIVERT TO F.L. 4 2.4 2.5 2 
3 2.4 2.5 2 DIVERT TO BCKHOE 
15 2.4 3.9 1 TRAVEL 
TRAVEL 15 2.4 3.9 2 
*********************************************************************** 
Figure C10. Typical Cycle Monitoring Report 
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SIMULATION TIME PRODUCTIVITY 
4.3 1 2.35 
4.3 2 4.70 
6.6 3 4.54 
6.7 4 5.96 
8.9 5 5.64 
9.9 6 6.07 
11.3 7 6.19 
12.1 8 6.60 
13.6 9 6.62 
14.5 10 6.88 
Figure Cll. Typical Production by Cycle Report 
C78 
lines can be printed on the screen at any one time. The 
following menu is printed below these ten lines: 
R-RETURN TO LAST PAGE M-MAIN MENU C-CONTINUE 
The 'R' prints the ten previously printed lines, the 
'C' prints the - next ten lines and the 'M' returns the user 
to the main menu. 
Selection 4 : Process Summary -- The information 
included in this report is : 
1. Process name and number 
2. Run length 
3. Final count on counter node 
4. Units produced per hour 
5. Total production 
6. Productivity 
7. Unit Cost 
7. Total cost 
8. Unit Cost 
The production figure is based on the units for the 
quantity multiplier specified in the counter node and the 
time units of the simulation time. Some of the items in 
this report may be missing if not enough data is entered. 
Figure C12 illustrates a sample process summary report. 
Selection 5 : Network Logic Report-- This report 
describes the logical relationship between the elements in 
the network. It also prints a description of the number of 
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************************************************************************* 
* 	 PROCESS REPORT 	 NAME : EXC2 	 * 
************************************************************************* 
RUN LENGTH 107,22 
COUNT ON PRODUCTION COUNTER 41.00 
UNITS PRODUCED PER CYCLE 19.50 
TOTAL PRODUCTION 799.50 
UNITS PRODUCED PER HOUR 477.40 
TOTAL COST 1926.39 
Figure C12. Typical Process Report 
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units in the Que nodes. Simulation module transfers control 
to this report when an error is detected during a simulation 
run. Figure C13 shows a typical network logic report. 
Selection 6 : System Menu -- After a 6 is selected 




NETWORK LOGIC DUMP REPORT 
*********************************************************************** 
NODE 1 FUNCTION FOLL 2 
NODE 2 NORMAL 	POLL 3 
NODE 4 COMBI 	PRECED 3 7 8 FOLL 5 6 
NODE 5 NORMAL 	POLL 1 9 
NODE 6 NORMAL 	FOLL 7 
NODE 9 FUNCTION FOLL 8 
*********************************************************************** 
QUE CONTENT DUMP REPORT 
*********************************************************************** 
QUE 3 HAS 5 UNITS. IT IS INITIALIZED WITH 1 UNITS 
QUE 7 HAS 2 UNITS. IT IS INITIALIZED WITH 3 UNITS 
QUE 8 HAS 1 UNITS. IT IS INITIALIZED WITH 1 UNITS 
*********************************************************************** 
Figure C13. Typical Network Logic Report 
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Appendix D 
Integrated Cost Optimization 
MICRO-COMPUTER 
COST OPTIMIZATION OF EARTH MOVING 
OPERATIONS 
Introduction 
The optimal allocation of resources is a well known problem. Like 
mother nature, human beings must continuously adapt to changed conditions 
and find new solutions. In the world of business, however, the available 
time for finding the optimal solution is very short. Especially in the 
construction industry errors and miscalculations in such a process can have 
costly effects. Systematic approaches for repetitive optimizations support 
the decision maker. Computers, on the other hand, allow the implementation 
of such structured systems, reducing the time factor considerably. 
This paper presents a cost optimization system for Micro-computers 
which exploits modern scientific models by using the power of small 
computers. The program runs on Apple II and IBM-PC, both with 64-K bytes 
Central Memory and an 80 column Epson printer. A hypothetical small scale 
earthwork project is used to explain the necessary procedures. Following 
the presentation of the system, a discussion shows possibilities for 
further improvements. 
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Meth, dology  
Three main modules represent the backbone of the system. These are 
(1) the Data Base, (2) the Cyclone (Cyclic Operations Network) Model and 
(3) the Optimization module using a linear programming algorithm. Three 
minor modules are responsible for user friendliness: Main-Menu, Job 
Description and Fleet Combinations. Appendix #1 gives an overview of the 
total system, stressing the relationship between the modules. 
The Data Base 
An accurate Data Base stores various information about equipment and 
supports the other modules or subprograms. These modules access the data 
base automatically and retrieve the necessary data. A subprogram allows 
the user to set up and edit the Data Base. The subprogram organizes the 
storing of the data. This ground work has to be done separately and before 
the user makes the first optimization run. 
The Cyclone Model  
Cyclone calculates the necessary operating days for a previously 
defined earthwork project. The method focuses on how an operation is 
accomplished and how the interplay of resources impacts the productivity. 
Since Cyclone is a simulation model it takes into account all the relations 
between the different units (e.g. loads-truck) and the site condition like 
material or hauling distances. 
The Optimization Model  
The mathematical model used for cost optimization (minimization) is 
linear programming (simplex algorithm). The optimal solution is that fleet 
combination which is able to perform the job at the lowest cost while 
fulfilling the defined requirements as constraints. In order to develop 
the hierarchy between the best solutions (suppose all are within the 
constraints), the optimization results in a repetitive procedure. 
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Since the result of the optimization is not a single number but rather 
a hierarchical list of the best solutions, supported with cost and other 
figures, the user has the opportunity of considering the different outcomes 
of his options. Most importantly, he is able to conduct a sensitivity 
analysis. 
Main Menu 
This subprogram is the corner-stone for running the integrated program 
package. The menu offers a set of options (menu) to choose from each time 
a module has been finished. The menu-driven organization of the model 
contributes to the user-friendliness of the system. 
Job Description Subprogram 
The Job Description module serves as the main input vehicle. Most job 
related information, needed to run the program, has be be keyed in. This 
is accomplished by answering a set of questions sequentially printed on the 
screen. These questions concern starting and ending dates, amount of 
excavating or filling, soil conditions, and similar problem constraints. 
Fleet Combinations Subprogram 
The task of this module is to create several equipment fleets, each of 
which is able to handle the job. Since the whole system is a tool to find 
the optimal equipment combination, it is assumed that the user has several 
options. At this stage the user is also able to feed in his own judgement 
concerning the productivity of each type of equipment as a deviation from a 
standard production, defined in the Data Base. 
This optimization package tries to combine the user's way of thinking 
with modern scientific models, offering him a structured environment to 
exercise his own creativity and judgement. The system simplicity makes it 
a most efficient tool to support the repetitive decision making of an 
earthwork contractor. 
Equipment Data Base Structure  
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By definition data bases are collections of data that are designed to 
be used for different applications. The data base module uses the 
traditional file method where all data are stored in one file since 
Micro-computers have focuses on support for a single use. The structure 
can be best described as an enlarged inventory record keeping structure. 
Enlarged here means that in addition to inhouse equipment, rented machines 
are also included. It must be understood that in order to assure accuracy, 
the database has to be updated periodically--or when a chinge in the 
equipment fleet occurs. An example of the stored data for one particular 
equipment category and its organization is presented in the following 
chart. 
Data Definition 
Model: 	The Model of the machine is used as the key for machine 
related data 
Amount: 	Number of units of this model type available in the 
equipment part of the company. For rented models the user 
should declare a large number. (e.g. 999) 
Bucket Size: 	Standard bucket size 
Cycle Time: Standard time for one cycle, where one cycle is defined as 
the action of filling and dumping one bucker to a track. 
Fixed and 
Variable Cost: The user has different options in defining the model related 
cost figures, or leave them blank, since there will be an 
opportunity to edit the cost figures for each project. It 
is however recommended standard costs be established in 
order to take full advantage of the data base. The user, 
however, still has a lot of freedom in defining how he wants 
to spread the costs to the different cost cat gories. 
Job Description 
Since the accruing costs of a construction project originate from 
different sources and are determined by various conditions, the variables 
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which have to be considered in the decision process are numerous. Although 
the final outcome of each job is highly variable, the financial risk can be 
decreased by considering the most crucial factors in the estimating and the 
decision making process. The use of the systematic approach introduced 
here, makes sure that the user is aware of typical risk areas and that he 
will not overlook one of them. 
Each earthwork or construction job in general encompasses variables 
from four main areas: 
(1) Contract 
(2) Site and Material 
(3) Equipment 
(4) Finance 
The description of the job (i.e. the information needed by the system) is 
related to the four areas. The input required data is accomplished using a 
simple question and answer method. 
The following questions need a specific response: 
Contract 1. Start date 
2. Available total operating days 
3. Bid price 
4. Billing concept (lumpsum, percentage of completion, 
Advance payment) 
5. Bank charge for project account 
 
Site and Material 
1. Amount of material for hauling (loose or bank measure) 
2. Average haul distance 
3. Material, aggregates, density 
4. Expected number of rainy days 
5. Daily job overhead (site & overhead) 
6. Show up payments per rainy day/labor unit 
Finance 	1. Average interest rate for project related capital 
2. Max allowable overdraft 
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Equipment 	1. Job related production as deviation from standard 
2. Job related productivity as deviation from standard 
(breakdown, personnel, etc.) 
Since the last area of data is related to a specific fleet or machine, it 
will not be a part of the general description but will be input when 
defining a given equipment combination. 
Definition of Equipment Combination 
In this module the system combines the power of the data base and the 
construction experience and imagination of the user. Since the goal of 
this optimization program is to find the best fleet which is able to 
perform the job under the given constraints, it needs at two options from 
which choose. Therefore the equipment definition is a repetitive procedure. 
Although the actual choices may be limited to one (no reason for 
optimization) the optimization can still be useful. The manager can profit 
by comparing his limited choice with other possibilities and calculating 
opportunity costs. 
Since this subprogram is supported by the data base, the creation of 
fleets is simple. First the system wants to know if the fleet is based on 
scrapers or trucks. The next steps require the choice of category and 
machine item, which leads to option of reviewing and editing the 
standard factors stored in the data base. A rough calculation after each 
choice presents the number of the particular equipment which is needed to 
finish the job within the prescribed time. The last calculation is based 
on the job description and the accepted or edited figures from the data 
base. For example, the material conditions are automatically considered 
and after the cycle times for loaders are adequately adjusted. 
Simulation 
The simulation of the different fleets is accomplished using the 
Cyclone program. It is assumed that the user is fairly well acquainted 
with the theory of the CYCLONE simulation system, although it is not 
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required to know the model in great detail. Cyclone is organized in two 
main parts; network modeling and actual simulation. An integrated library 
of standard models releases the user from the modeling task and enhances 
the user friendliness of the package. A special subprogram matches the 
prepared fleets with the appropriate model. During this procedure the 
system combines the information stored in the data-base, job description, 
the cyclone model library and the previously defined fleet combinations for 
this job. Each fleet is therefore automatically transferred to the 
appropriate Cyclone network, and is ready to be simulated. 
The goal of the simulation is to interrelate the different equipment 
of one fleet (e.g. excavator-hauler-spreader-compactor) and calculate the 
productive and idle times of each unit. The course of development of a 
single simulation can be best shown in a graph time versus productivity. 













Figure 1 : Productivity Profile 
A simple example will help to understand the figure. Assume 
that a typical excavation project is underway with one excavator 
and two trucks. At time zero all units (machines) are idle on 
the job site. Between time zero and one ( 0-1) the first truck is 
loaded, travels to the dump area and dumps its material. At this 
point in time, productivity in cubic yards per hour jumps from zero 
to A. The value of "A" can be calculated as follows: 
M
1 
A = 	X 50 	M1= Material dumped by truck T
1 	 load 
T
1
= Time for loading, hauling 
and dumping of truck one 
While truck 1 travels to the dump site, the second and perhaps the 
third truck(s) will be loaded and start hauling. 
Time 2 represents the stage where the second truck is dumped. 
M
2 





=Time for loading of truck 
1 and 2 plus hauling and 
dumping time of truck 2 
The increase in productivity originates from the overlaping time for 
hauling and loading. In other words, while truck 1 is hauling truck 
2 is already loading and starts hauling. 
The procedures repeat until productivity reachs steady state. 
At this point, the highest productivity for this equipment combination 
is reached. Each time the cycle is interrupted (for example at the 
end of a working day or a lunch break), the simulation has to start 
at time zero again. There is a possibility that steady state cannot 
be reached before an interrupt (break) in activity occurs. This interrupt 
condition is shown in Figure 2. 
This figure shows an entire working day with three breaks (coffee in 
* This assumes a 50 minute work hour. 
M
2 B = 
X 50 
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Figure 2: Interrupt Effect on Construction 
Productivity 
the morning, lunch and end of working day). Each segment has a 
duration of approximately 2.5 hours. The cumulative production curve 
is also shown. 
The system allows the user to print a hard copy of detailed in-
formation regarding the productivity. The average productivity and 
daily production as well as information as to whether steady state 
has been achieved is also printed. 
Optimization  
A simplistic approach to finding the cost optimal fleet is to multi-
ply the total required working days with the daily cost for one fleet 
and add the fixed cost. The usage, however, of the Linear Programming 
approach allows the user to find the cost optimal fleet under certain 
constraints such as allowable working days or available capital. 
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Therefore, the objective of the optimization is to find the fleet 
with the lowest cost which satisfies a set of restrictions defined by 
the user in the "Job Description" section. 
So far, the cost figures for each fleet combination includes only 
fixed and variable cost for equipment. In order to calculate the 
total cost, the system uses the following calculational structure: 
Fixed Cost of Fleet XY 	 = $ 
Total Variable Cost (Operating days x Daily Var. Cost) = $ 	 
Total Show up Cost (Expected Rain days x Factor x Cost) = $  
Job Overhead (Operating Days+Rain days) x Daily 0/H 	= $ 	 
Total Cost before Capital Cost 	 = $  
Net Cast Flow (Cash in - Cash out) 
Bank Charges for borrowed money 
Cost of borrowed Capital (Net Cash x Interest Rate) 
TOTAL JOB COST OF FLEET xy 	 = $ 	 
The net cash flow calculation is based on the total job duration (in-
cluding rainy days), the cash expenses (labor, variable cost-depreciation-
markup, and overhead) and the effect of the billing frequency. As a 
by-product, the system also recognizes the required total capital for 
this fleet. 
The restrictions or constraints which are considered in the LP 
formulation are as follows: 
CONSTRAINT #1 The sum of working days and expected rainy days 
has to be smaller than or equal to the available 
completion days. 
CONSTRAINT #2 The required total capital for the fleet has to 
be smaller than or equal to the available capital 
The result of the optimization produces a hierarchical list of the fleets 




Optimal Solution Tableau for Job 










The list includes information about the required number of working days, 
expected rainy days, and the cost. The tableau shown above reflects the 
structure of the final optimization report output. This report gives 
the user the options available . Further detailed supporting reports 
are available upon request. These reports reflect details regarding 
the cash flow and fleet cost calculations. 
Areas for Further Development  
1. Calculation of Bid Prices with differing mark-ups for a given 
fleet. 
2. Introduction of integrated equipment scheduling (i.e. updating 
and equipment availability control for new projects) 
3. Integrating information from many project sites for overall 
equipment management 
4. Quantity calculation and Haul Optimization 
5. Multi-site optimization 
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Project Title: Resource Analysis Using Microcomputers 
NSF Grant: CEE-8208271 
I. Introduction 
Repetitive processes in construction are of great interest 
since they account for a large part of the productive effort expended 
on a project. This, not withstanding, the amount of research towards 
better understanding of repetitive processes in construction has been 
relatively small in comparison to related industries such as 
manufacturing, ship building and aircraft assembly. This has been in 
part due to the unique features of each construction site which tend 
to be reflected in the construction processes used. That is, 
construction processes must be site adapted. 
Until recently it was felt that this site adaptation 
characteristic preempted any meaningful research regarding the basic 
structure of construction processes. General consensus was that the 
processes used had to be tailored to each project. Study was limited 
to equipment and crew characteristics rather than process 
technological characteristics. 
Over the past two decades, it has been recognized that the 
basic structure of construction processes is a major cost determinant 
ranking at least equal in importance with individual machine and crew 
production rates. Moreover, individual resource production rates 
cannot be realized fully in most processes and are constrained by the 
set-up of an operation. This set-up is technology based and leads to 
the study of interface problems between machines, crews, and 
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materials. In other words, the rate at which a batch plant can 
operate may (and in most cases will) be limited by the number of 
trucks available to transport the batched material. 
A further research limitation has been the lack of a good 
analytical tool or notation in terms of which operations and 
processes in the construction industry could be studied. Simple 
pictorial models lack the capacity for quantitative analysis and 
complex mathematical models are not able to achieve an acceptable 
linkage with the real world situation. A method, both graphical and 
analytical capable of capturing the complexity of the construction 
site processes, was needed. 
The concept of simulation allows analysis of complex dynamic 
systems. However, simulations are often stylized and costly to 
develop. During the past 12 years a,graphical modelling system which 
allows production simulation of construction processes has gained 
acceptance as an operational research tool. The CYCLONE System is 
described in numerous publications (13,14,20,24,26,29,3°,31,33,34, 
43,49,50,52,53) and offers a visually simple model of the process of 
interest while allowing quantitative study in terms of process 
simulation. 
II. Research Under This Grant 
A general outline of research undertaken within the scope of 
this grant is given in the paper by Tavakoli (see Appendix A). This 
paper describes a system developed as part of the work under the 
grant and represents the state of research in implementing a user 
friendly operations analysis system for heavy construction operations 
as of August 1983. Extension of this work by Rincones (51) and 
2 
Niederhauser (38) provides a graphical display of 26 standard 
processes which aid the user in defining the operation under 
consideration. The screen display of a typical model is shown in 
Figure 1. These "standard" models help the user to gain a 
familiarity with and understanding of CYCLONE networks. They also 
expedite generation of input for standard operations where only work 
task durations and resource variation are defined by the user. Work 
by Abou-Rizk (1) allows analysis of resource allocation based on a 
sensitivity analysis approach. This work also includes a preliminary 
study of production response to variation of stochastic time 
parameters. Ongoing work is aimed towards an improved tutorial 
interface with the model building system. Stylized menus such as 
that shown in Figure 2 are designed to simplify access to the 
modelling environment. 
III. The Structure of Micro CYCLONE  
CYCLONE was originally developed for use on mainframe computers, 
but versions for the microcomputer known as MicroCYCLONE were 
developed under this grant for use on the IPM PC and XT. The 
objective of this adaptation was to provide an improved environment 
for the analysis of resource requirements using microcomputers. 
In MicroCYCLONE, construction processes are modeled as networks 
of circles (queues) and squares (work tasks). These graphical 
representations are defined for computer analysis by text input. 
This input is used by MicroCYCLONE to simulate a given process 
network. The IBM program uses a graphical display of standard 
processes in conjunction with a series of simple questions regarding 








spread/ comp act 
D y---i 3 
( 	)con x 
G 
spread Idle 
1 	spread Idle 





STANDARD PLACING,. SPREADING, COMPACTION 
AND 	GRADING OF =ADE MAE MODEL 01] 
ENTER PROCESS DATA FILE NAME: MODEL MO, 9 
-or- press the return keg to return to the standard model librarg. 
watering unit Idle 
PROJECT 	EXAMPLE NUMBER 9 - PROJECT 1-75 e8-16-1985 
ACTIVITY' MALLS pROCESS I MASON 
	 MICROCYCLONE PROCESSING MENU 
==10. Create or Edit Network File 
= SiNalate Current Process 
Simulation Reports 
=4 Sensitivity Analysis 






=4. End Session Esc HELP F111 
Figure 2 - Typical Menu for Operational Simulation 
This approach also helps the user gain a familiarity and 
understanding of CYCLONE networks. Although any process can be 
submitted for evaluation in text mode, the availability of "standard 
networks" for common construction processes reduces the complexity of 
defining and simulating a process. Currently twenty-six (26) models 
exist in a graphical format which can be reproduced on the IBM PC or 
any compatible system with a graphics capability. Figure 3 shows a 
network defining a concrete placement process. 
The MicroCYCLONE system consists of five modules performing the 
following functions: (1) input, (2) simulation, (3) report 
generation, (4) beta curve generation from distributed data, and (5) 
sensitivity analysis. The systems main menu is the central link 
between the various modules. The Standard Network Model Library is a 
subset of the input module. What follows are brief descriptions of 
the MicroCYCLONE modules. 
A. The input module provides the user with a selection of 
options which enables him to create and/or modify data input files. 
It is in this module that the user must decide whether to use the 
conventional input method or use the standard models. The 
conventional method is more tedious to use than the Standard Model 
Library, but it is essential when an adequate standard model does not 
exist. All the data entry, additions, deletions, and editing are 
performed using a text editor. New developments in the editor are 
making the conventional input method easier to use. 
B. The simulation module executes the process simulation and 
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collects all the statistical and time data during simulation. It is 
here that the processes observed on a construction site go through 
the step by step, event by event simulation. A process which may 
take several hours or days to complete in "real time" takes only a 
few seconds to perform with the process simulator. In this way, the 
user can study the process exhaustively to determine the best balance 
of resources from a cost and productivity point of view. In effect, 
the simulation provides the user with a "laboratory" in which the 
process of interest can be studied and exercised. While the 
simulation is underway, the system plots a production curve on the 
monitor and simultaneously prints an event chronological list 
proceeding in conformity with the model. The production curve is 
shown in Figure 4. 
C. The reports module provides various reports regarding the 
productivity obtained in simulation and the idleness and imbalance 
occurring at the various queues (circles in the network). 
Information about resource idleness, work task activity, and process 
production is made available to the user in neat and concise reports. 
Upon initial entrance into the reports module, the user is given 
various options regarding how the reports should be formatted. 
D. The Beta module enables the user to add a probabilistic 
dimension to the process simulation. Because construction work task 
durations are rarely uniform, a statistical distribution can be 
utilized to reflect random durations. After extensive research, the 
Beta distribution was selected as the distribution which best 
reflects random work task durations. When the process simulation is 
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in the range of the assigned distribution(s). The parameters 
describing a work task's distribution can be developed from field 
data input to the program in grouped or ungrouped format. From 
calculated parameters, the Beta module generates a data curve from 
which the durations assigned to the work tasks during simulation are 
sampled. 
IV. Resource Analysis Using Sensitivity Approach 
The sensitivity analysis module requires that a CYCLONE model 
has been defined either using conventional input or through one of 
the standard models available. Changes can only be tested on models 
which are logically correct and free of errors. The sensitivity 
module actually allows the user to change CYCLONE variables and 
parameters to test a certain objective or effect. Two types of 
changes are allowed: Changes by Tree algorithm and general (one run) 
changes. 
Tree algorithm: This type of change pertains to resources only. 
Resources can be varied in terms of different combinations and 
different locations within the system with one entry of information. 
In other words, the effect of resource changes can be studied by 
simply specifying the range of resource variation. The user 
indicates he would like to initiate a certain base number of 
resources within a given cycle and the increment of change to be 
implemented after each run. If, for example, we would like to test 
the cases of having 2 trucks, It trucks, or 6 trucks initiated at 
queue 5 in the system, simulation is performed automatically for each 




Combination of resources and variation of initial locations is 
also possible in the form of a tree structure which gives the 
algorithm its name. Figure 5 shows such a combination of resources. 
Simulation of 8 different cases is performed and the results are kept 









Figure 5. Tree Algorithm Example 
Changes by Tree algorithm are efffective in determining the 
bottle-neck resource in a system assuming no breakdowns occur. 
General changes can be made for a single run test. The run 
will be added to the same data file that contains other runs for the 
particular process. The run file constitutes a common basis for 
comparison in later reports. Changes in resources, time durations 
and/or type, simulation length time and costs of resources etc. can 
be considered general changes. Actually general changes can be done 
and then the Tree algorithm can be applied as required. 
The main objective of sensitivity analysis is to compare the 
effect of changing parameters on the behavior of a given model. To 
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help the user in reaching his decision, the sensitivity module gives 
reports of all runs for a given process in both tabular and graphical 
formats. 
To demonstrate the sensitivity analysis approach consider the 
standard concrete pouring model shown in Figure 3. Data pertaining 
to the initial number of resources and to the time durations of work 
tasks, together with other CYCLONE parameters are input. The CYCLONE 
text representation is shown in figure 6. The test involves running 
simulation by using the Tree-algorithm. Originally the system is 
initialized with the following resources: 
1 	truck at que 21 (A). 
99 units at 22 (3) 
unit at queue 23 (C) 
2 buckets at queue 25 (E) 
1 	crane at queue 26 (E) 
1 	laborer at queue 31 (J) 
1 	concrete crew at queue 31 (K) 
1 	finishing crew at queue 33 (m). 
The first few runs are basically to demonstrate the idea of the 
tree algorithm. We desire to test the effect of changing the number 
of trucks on the behavior of the system. Assume we have fourteen 
trucks available for this operation. In fact the simulation can be 
performed with 1, 2, 3 trucks, etc. in the system. However, to save 
on time and space simulation runs with 2, 4, 6 trucks, etc. will be 
used. Convergence to a "best" solution will be accomplished by using 
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MICRCCYCLCNE INPUT FILE: concr.REV 
CONTROL INPUT 
NAME concr LENGTH 500 CYC 10 
NETWORK INPUT 
1 COMBI 'LOAD T-M TRUCK' SET 1 FOLL 2 23 PREC 21 22 23 
2 'TRAVEL TO SITE' SET 2 FOLL 24 
3 COMBI 'LOAD BUCKET' SET 3 FOLL 35 27 PREC 24 25 
4 'T-M TRUCK RETURN' SET 4 FOLL 21 
5 COMBI 'LIFT & POSITION FULL BUCKET 'SET 5 FOLL 28 PREC 26 27 
6 COMBI 'POUR CONCRETE' SET 6 FOLL 7 29 30 PREC 28 29 
7 'LOWER EMPTY BUCKET' SET 7 FOLL 25 26 
8 COMBI 'VIBRATE & SPREAD' SET 8 FOLL 34 31 PREC 30 31 
9 COMBI 'FINISH CONCRCit' SET 9 FOLL 50 PREC 32 33 
21 QUE 'Al T-M TRUCK(s) IDLE' 
22 QUE 'B: CONCRETE AVAILABLE' 
23 QUE 'C: CONCRETE PLANT(s)' 
24 QUE 'D: LOADED T-M TRUCK(s) IDLE' GEN 1 
25 QUE 'E: EMPTY BUCKET(s) AVAILABLE' 
26 QUE 'F: CRANE IDLE' 
27 QUE 'G: FULL CONCRETE BUCKET IDLE' 
28 QUE 'H: CONCRETE READY TO POUR' 
29 QUE 	LABORER IDLE' 
30 QUE CONCRETE READY' 
31 QUE 'K: CONCRETE CREW(s) IDLE' 
32 QUE 'L: CONCRETE READY' 
13 QUE 'M: FINISHING CREW(s) IDLE' 
34 FUNC 'N: CONSOLIDATE' FOLL 32 CONSO 1 
35 FUNC '0: CONSOLIDATE' POLL 4 CONSO 1 
50 FUNC COUNTER FOLL 33 QUANTITY 100 
DURATION INPUT 
SET 1 1.2 
SET 2 20.1 
SET 3 1.5 
SET 4 17.9 
SET 5 .3 
SET 6 1.2 
SET 7 .2 
SET 8 2.4 
SET 9 4.1 
EQUIPMENT INPUT 
1 AT 21 
99 AT 22 
AT 23 
2 AT 25 
1 AT 26 
1 AT 29 
1 AT 31 
1 AT 33 
ENDDATA 
Figure 6 - Text Representation of Concrete Pouring Model 
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general changes later. The following data is given to the input 
section of the sensitivity analysis program: 
Change resources at 1 queue in the model. 
Label of the queue is 21. 
Total resources available for this queue are 14. 
Start simulation with 2 resources in the system 
Increment by two resources 
Taking all possible combinations of these resources for this 
queue and within the limits specified, the program simulates with the 
combinations described. The program finishes simulating 7 different 
possible combinations and chains back to the reports section of the 
sensitivity module. The results of primary parameters (productivity, 
total time, total and unit costs) are shown in table 1 (in tabular 
form) and in figures 7 and 8 (in graphical form). 
MIX # TOTAL TIME PRODUCTIVITY TOTAL COST 	UNIT COST DESCRIPTION 
1 197.70 303.49 1884.74 	2.88 2 trucks 
2 116.30 515.91 1205.64 	1.21 4 trucks 
3 83.80 715.99 938.56 	0.94 6 trucks 
4 75.60 793.65 909.72 	0.91 8 trucks 
5 67.70 886.26 871.07 	0.87 10 trucks 
6 67.70 886.26 927.49 	0.93 12 trucks 
7 67.70 886.26 983.91 	0.98 14 trucks 
8 46.10 1301.52 1084.89 	1.08 10 trks 5 crews K&M 
9 48.90 1226.99 759.58 	0.76 2 trks & 2 crews K&M 
Table 1 Simulation Results 
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Figure 8 - Cost Plot 
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The table indicates that the first mix (MIX # 1) with two trucks in 
the system (other resources the same as described above), required a 
total simulation time of 197.7 minutes to complete 6 cycles. 
Productivity was 303.49 units per hour. 100 units are produced during 
each cycle. This can be interpreted as 100 sq. ft. of finished concrete 
surface for example. The total cost was $1884.74 for 6 cycles. 
Likewise the first 7 mixes of trucks give the indicated time, 
productivity, and costs. 
The first thing to notice in the analysis of these results is that 
productivity has reached a ceiling of 886.26 units/hr when 10 trucks 
were in the system (time limitation indicates the same conclusion). The 
total costs kept increasing however. This is expected from the fact 
that more trucks were added to the system at a fixed cost per hour with 
no decrease in the total time. 
Table 2 shows the idle time at each queue for each run or 
combination. Study of the table shows that trucks at queue 21 (A) were 
never idle at their initial point. This is expected since there was no 
pre-set limit at queues 22 and 23 (concrete available and plant 
available). However, queue 24 (trucks idle) shows an increase in 
waiting time. The fact is that the waiting time of concrete at queue 30 
increases as the number of trucks increases. This fact is undesirable 
from a technical viewpoint and at the same time tells us that one 
concrete crew becomes saturated as trucks are added to the system. The 
crew is a limiting resource. Mixes 8 and 9 use 5 and 2 crews 
respectively. 
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This example illustrates how the resources can be analyzed to 
achieve a cost effective and balanced system. Further studies and 
details can be found in the report by Abou -Rizk (1). 
V. Future Work  
Future work envisages the establishment of a knowledge base to be 
used for the design and analysis of construction operations. This work 
will be a direct follow-on to this grant. Major features of this 
future work build on information and knowledge developed using the 
CYCLONE System for resource analysis. This research will formalize the 
work done to date and focus on the development of a knowledge driven 
system capable of designing construction operational models based on 
user definition of site and materials handling characteristics. A 
prototype system emphasizing design of earthwork operations will be 
implemented to test the concept. Basic standard networks developed 
under this grant will be used to structure the collection of data and 
the implementation of a knowledge based construction process generator. 
17 
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PRODUCTIVITY ANALYSIS OF CONSTRUCTION 
OPERATIONS 
By Amir Tavako11, 1 A. M. ASCE 
ABSTRACT: An interactive system for analysis of construction operations is pro-
posed. The analysis is carried out in the context of various work modules which 
address quantity development, resource definition, and production and cost 
analysis. The quantity work module generates quantities based on information 
available in the design documents. The resource definition module receives and 
stores data regarding the labor/equipment combination to be used to execute 
work tasks. This module provides the user with a set of standard useful con-
struction process models. For each construction operation to be analyzed, the 
terminal describes the standard models. The user makes input of a set of pa-
rameters for process keyname, quantity, work task durations, number of re-
sources, production capacity of each unit, and cost per hour of each unit to the 
standard model to be used. Using input from the resource definition module, 
the productivity and cost analysis module generates production rates and unit 
costs based on process simulation using CYCLONE methodology. 
INTRODUCTION 
Traditionally, contractors have relied on their experience and engi-
neering intuition in making decisions about the technology, equipment, 
and labor for a particular operation or process. Quantitative methods for 
the analysis of construction operations can improve the decisions made, 
resulting in gains in productivity, efficiency, and accuracy of cost esti-
mates. 
Several quantitative decision-making models are available for contrac-
tors. Simulation is one of the appropriate methods for analysis of con-
struction operations. In general, simulation is the term given to the 
mathematical representations that take random samples from a proba-
bility distribution curve in'order to simulate a real-life situation. 
Simulation has several advantages and disadvantages (6). Design of 
the model forces the analyst to examine all the elements of the system 
in detail. This examination may lead to a better understanding of the 
system and may even lead to changes before simulation takes place. Fur-
thermore, simulation of complex systems can give insight into which 
variables are important and how they interact. Thus, simulation can serve 
as a teaching device. Also, simulation allows the user to experiment with 
different strategies without the risk of disturbing the real system. Fi-
nally, simulation enables one to study dynamic systems in compressed 
time. Simulation also has disadvantages—not the least of which is inter-
pretation of data. Simulation is not an exact science. That is, there is still 
an art to the application of the science. Other disadvantages might in-
dude excessive costs; model parameters may be difficult to collect or 
determine; and some relevant items may be left out inadvertently. 
'Asst. Prof., School of Engrg., Southern Illinois Univ. at Edwardsville, Ed-
wardsville, III. 62026. 
Note.—Discussion open until August 1, 1985. To extend the closing date one 
month, a written request must be filed with the ASCE Manager of Journals. The 
manuscript for this paper was submitted for review and possible publication on 
February 8, 1984. This paper is part of the Journal of Construction Engineering 
and Management, Vol. 111, No. 1, March, 1985. ©ASCE, ISSN 0733-9364/85/0001-
0031/$01.00. Paper No. 19530. 
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DESCRIPTION OF RESEARCH 
This paper proposes an interactive system for analysis of construction 
operations. It integrates quantity development and process simulation 
to estimate productivity and cost; it also provides the user with a set of 
standard useful process models frequently encountered in construction 
projects. 
The process of producing a cost estimate for construction tasks con-
sists of six steps: 
1. Develop quantity estimate. 
2. Establish pool of available equipment. 
3. Select equipment combination to perform task. 
4. Determine productivity to be achieved by selected equipment. 
5. Calculate unit cost based on fleet cost (i.e., resource cost) and pro-
ductivity rate. 
6. Allow for changes of fleet based on optimization of parameters, 
e.g., cost, equipment utilization, labor utilization, and time. 
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FIG. 1.—Relallonshlp of Modules 
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The objective,of this research is to develop microcomputer modules 
which will allow the user to perform each of these steps. The micro-
computer implementation will consist of the following modules: 
1. Quantity Module. 
2. Resource definition module. 
3. Productionland cost analysis module. 
lif• 
The rationale' behind a microcomputer implementation lies in the fact 
that microcomputers have the characteristics required for construction 
field office utilization. They are small enough to fit on top of a desk and 
are inexpensive. Their price range is between $2,500 and $10,000. A mi-
crocomputer provides total control to the user over his/her data. It re-
duces the risk of others accessing his/her data base. However, the sys-
tem could be implemented on mini or mainframe computer as well. 
The set of standard useful process models is limited to road construc-
tion projects and CYCLONE methodology is used for modeling and sim-
ulation of these operations (1,4,5,7,8,9). Beta distribution is used to model 
random work task durations. Quantity development is limited to earth-
work. 
The relationships between these modules is shown schematically in 
Fig. 1. The nature of the work that is accomplished in developing each 
of these modules is described in the following sections. 
QUANTITY MODULE . 
The quantity module generates quantities based on information avail-
able in the design documents. This module is primarily an earthwork 
quantity take-off program with special features for the road construction 
projects. 
The most important feature of this program is the capability of defin-
ing a standard road cross section. After entering the existing grade data, 
. TABLE 1.—Standard Models Menu 
STANDARD MODELS MENU 




5. PLACING, SPREADING, COMPACTION, AND GRADING 
OF SUBGRADE 
6. PLACING, SPREADING, COMPACTION, AND GRADING 
OF NONSTABILIZED BASE OR SUBBASE 
7. PLACING, SPREADING, COMPACTION, AND GRADING 
OF STABILIZED BASE OR SUBBASE 
8. ASPHALT PAVING 
9. CONCRETE PAVING 
10. USER SPECIFIED MODEL 
ENTER YOUR SELECTION. 
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TABLE 2.—Standard Excavation Models Descriptions 
1. STANDARD EXCAVATION MODEL #1 
THE EQUIPMENTS USED ARE EXCAVATING UNIT (E.G. FACE SHOVEL), 
LOADING UNIT (E.G. FRONT END LOADER), HAULING UNIT (E.G. 
TRUCK), AND SPREADING UNIT (E.G. DOZER). THE WORK TASKS ARE 
EXCAVATING, STOCKPILING SOIL, LOADING, HAULING, DUMPING, 
RETURNING, AND SPREADING DIRT. 
2. STANDARD EXCAVATION MODEL #2 
THE EQUIPMENTS USED ARE EXCAVATING/LOADING/HAULING/ 
SPREADING UNIT (E.G. SCRAPER) AND PUSHING UNIT (E.G. PUSHER). 
THE WORK TASKS ARE PUSHING/LOADING, HAULING, DUMPING/ 
SPREADING, AND RETURNING. 
3. STANDARD EXCAVATION MODEL #3 
THE EQUIPMENTS USED ARE EXCAVATING/LOADING UNIT (E.G. 
CRANE), HAULING UNIT (E.G. TRUCK), AND SPREADING UNIT (E.G. 
DOZER). THE WORK TASKS ARE EXCAVATING, LOADING, HAULING, 
RETURNING, AND SPREADING. 
ENTER YOUR SELECTION. 
the user could either enter the finished grade data or the center line' 
elevation of the proposed road at any station. In the latter case, the com-
puter automatically generates a few points that define the finished grade. 
Points of intersection are found, including the slope intercepts at both 
ends of the stations. Volumes are computed between each station. This 
option reduces the process time significantly. 
Another important feature of this program is the capability of chang-
ing some or all of the standard section parameters for sensitivity anal- 
TABLE 3.—Set of Parameters In Standard Excavation Model #1 
STANDARD EXCAVATION MODEL #1 
PROCESS KEYNAME? 
QUANTITY IN C.Y.? 
EXCAVATION DURATION (LOW LIMIT (MIN.), HIGH LIMIT, 
MEAN VARIANCE)? 
STOCKPILING DURATION (LL, HL, M, V)? 
HAULING DURATION (LL, HL, M, V)? 
DUMPING DURATION (LL, HL, M, V)? 
RETURNING DURATION (LL, HL, M, V)? 
NUMBER OF EXCAVATING UNITS? 
PRODUCTION CAPACITY IN C.Y.? 
FIXED COST IN $? 
VARIABLE COST IN $/HR.? 
NUMBER OF SPREADING UNITS? 
FIXED COST IN $? 
VARIABLE COST IN $/HR.? 
DATA FILE NAME? 
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ysis. For exaMple, the user could easily change the fill or cut slope and 
get a new cut and fill volume. 
The data could be revised, printed or plotted easily. The program also 
prints a list of ;ciut and fill areas of every section and total cut and fill 
volume. 
RESOURCE DEFINITION MODULE 
The application of simulation in the analysis of construction opera-
tions has been hindered to some extent previously by the model build-
ing process. The purpose is to provide the user with a set of standard 
useful process models frequently encountered in road construction proj-
ects. Perhaps with slight modification, the user would be able to use the 
TABLE 4.—Typicall CYCLONE Problem Oriented Language Specification for 
Standard Excavation Model #1 
CONTROL INPUT 
NAME EXCAVATION CYCLES 200 LENGTH 1E + 38 
NETWORK INPUT 
ACT 1 QUE 'EXCAVATING' UNIT IDLE' 
ACT 2 ':COMBI 'EXCAVATE' PRE 1 16 FOL 3 16 SET 2 
ACT 3"'NOR 'STOCKPILE SOIL' FOL 1 4 SET 3 
ACT 4 QUE 'SOIL STOCKPILE IDEL' 
ACT 5,COMBI 'LOAD' PRE 4 11 17 FOL 6 17 SET 5 
ACT 6 FUN FOL 7 CON 10 
ACT 7 NOR 'HAUL' FOL 8 SET 7 
ACT 8 NOR 'DUMP' FOL 9 12 SET 8 
ACT 9 NOR 'RETURN' FOL 10 SET 9 
ACT 10 FUN 'COUNT' FOL 11 QUANTITY 20 
ACT 11 IQUE 'HAULING UNIT IDLE' GEN 10 
ACT 12 QUE 'DUMPED LOADS IDLE' 
ACT 13 COMBI 'SPREAD DIRT' PRE 12 14 FOL 14 15 SET 13 
ACT 14 QUE 'SPREADING UNIT IDLE' 
ACT 15 SINK 'DIRT SPREAD' 
ACT 16 QUE 'GROUND AVAILABLE' 
ACT 17 QUE 'LOADING UNIT IDLE' 
EQUIPMENT INPUT 
1 AT 1 Fl 1 0 VA 50 
1 AT 11 FI 0 VA 50 
10 AT 16' 
1 AT 14 Fl 0 VA 50 
1 AT 17 FE 0 VA 50 
DURATION INPUT 
SET 2 2 2 2 0 
SET 3 1 1 1 0 
SET 5 2'2 2 0 
SET 7 5'5 5 0 
SET 8 1 1 1 0 






standard defined models as his or her model. The available set of stan-
dard process model types primarily assists users in the model building 
process. This standard process model concept reduces considerably the 
time required to initiate an input, and the user proceeds to simulation 
quickly. The inputs required are: 
1. Process keyname. 
2. Quantity. 
3. Work task durations (low limit, high limit, mean, variance). 
4. Number of resources of each category defined. 
5. Production capacity of each unit. 
6. Cost per hour of each resource. 
For each road construction activity to be analyzed, the computer de-
scribes the standard networks. The user makes input of the items pre-
viously noted (e.g., durations, resource numbers) to the standard net-
work to be used. 
The user has the option in this module to reject the standard networks 
presented and to define his or her own cyclic network in CYCLONE 
problem oriented language format. The user could easily edit the model 
specification interactively. This user defined network is then utilized for 
the productivity and cost analyses and is stored for future reference and 
use. 
The sequence of events in road construction are usually as follows: 
1. Clearing, grubbing, and stripping. 
2. Road and drainage excavation. 
3. Placing, spreading, compaction, and final grading of the subgrade. 
4. Placing, spreading, compaction, and grading the material for the 
subbase, if used. 
5. Placing, spreading, compaction, and final grading of base. 
6. Paving. 
The models for the above standard activities in road construction are 
• 
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FIG. 2.—Graphical Representation of Standard Excavation Model #1 
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developed in ,conjunction with several practicing construction profes-
sionals. These models are not the ultimate standard models, but they 
are adequate and are realistic representations of the actual work done 
in the field. These models are used in structuring the input to the re-
source definition module and the processing of the productivity and cost 
analysis module. 
The standard models menu is illustrated in Table 1. If the excavation 
is chosen, a description of each of the standard excavation models is 
printed on the screen as shown in Table 2. If the standard excavation 
model #1 is chosen, several prompts appear as shown in Table 3. After 
all the entries are made and corrected, the computer generates the prob-
lem oriented language specification for the standard model #1 as illus- 
F1G. 3.—Standard Excavation Model #1 
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trated in Table 4. (Fig. 2 is a graphical representation of the model and 
Fig. 3 shows the standard excavation model #1.) 
PRODUCTIVITY AND COST ANALYSIS MODULE 
The productivity and cost analysis module operates on data shipped 
to it from the resource definition module. Processing will be simulation 
based and will utilize the microcomputer implementation of CYCLONE. 
Times related to the standard or user defined models for each construc-
tion task will be passed to this module from the resource definition mod-
ule. Based on the selected cost per hour of fleet selected and production 
rate, a unit cost is computed. 
CONCLUSION 
This research advances the level of user accessibility to simulation-
based techniques. The research makes these techniques available within 
a microcomputer environment and applies them within a professional 
user-oriented context. These concepts (simulation based) have been tra-
ditionally considered too abstract and remote to be of use to the prac-
titioner. The system developed in this research is practice-oriented and 
designed to demonstrate the applicability and accessibility of these tech-
niques. Development and acceptance of such systems should contribute 
to the wider use of simulation. The system described is not limited to 
construction applications only. It has a potential for broad applications 
in other production-oriented areas as well. A stylized adaption of this 
system can be developed to cover any production process where quan-
tities are developed by resource sets, and time and cost management are 
of interest. 
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M.S. Special Topic 
Abstract 




Allocating resources to various tasks on a job site is usually done 
by experience and with minimal planning. With the modelling concepts 
presented in CYCLONE a more scientific tool is available to aid the 
manager in planning. Whether the model used is a standard one or 
created by the user himself, resources can be manipulated and the 
results of simulation tested and compared to other cases. All of this 
is done in a testing environment where minimal cost is incurred, and 
where all possible combinations of resources for an optimal allocation 
can be checked. The CYCLONE concept and the sensitivity analysis 
program presented in this research form the basis of this testing 
environment. Resources can be actually initiated at different locations 
in the system, their number and combinations varied, and simulation of 
each case performed separately for later analysis. The program 
developed allows determination of optimal resource allocation based on a 
sensitivity analysis approach. 
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M.S. Special Topic 
Abstract 
ANALYSIS AND DEVELOPMENT OF AN EQUIPMENT 
ALLOCATION TECHNIQUE FOR HIGHWAY EARTHWORK 
(EXCAVATION AND HAUL) PROJECTS 
BY 
PATRICK G. FINDLAY 
The purpose of this research is the analysis of existing 
construction scheduling approaches and development of resource 
allocation methods specifically for earthwork excavation and hauling as 
applied to highway construction projects. The need for resource 
allocation concerns the practical aspects of how equipment is employed 
in the field, combined with the limitation on earthwork equipment 
resources. 
This project considers earthwork in highway construction as the 
excavation and hauling of dirt from one location to another. The 
purpose of this work is generally to level out terrain variations, 
causing the final highway grade to be smooth thus allowing safe, rapid 
movement of vehicles. One objective of earthwork is to do this with a 
minimum expenditure of resources. 
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M.S. Special Topic 
Abstract 
THE APPLICATION OF STANDARD MODELS 
IN MICROCYCLONE 
BY 
DAVID EDWARD NIEDERHAUSER 
With the availability of a system that provides a method for 
simulation of construction processes, a problem arises as to how one 
accurately and practically represents the wide variety of construction 
operations which can be simulated and evaluated by MICROCYCLONE. This 
research offers a solution to this problem in the form of a library of 
standard MICROCYLONE network models ranging from excavation to 
bricklaying. Currently, twenty-six (26) models exist in a graphical 
format which can be reproduced on the IBM PC or any compatible system 
with a graphics capability. 
For a complete description of the CYCLONE simulation system please 
refer to the text "Design of Construction and Processes Operation" by 
D.W. Halpin and R.W. Woodhead published by John Wiley and Sons, Inc. 
35 
M.S. Special Topic 
Abstract 
AUTOMATED COST CONTROL 
FOR EQUIPMENT 
BY 
PAUL HANNA NOCHAHARLI 
This research focuses on presenting a system for equipment cost 
control and developing a computer program automating an existing system. 
The purpose of the control system is to provide management with a 
powerful means of controlling the equipment expenses. This can be 
achieved by detecting the variance between the planned and the budgeted 
costs at various stages of the project and making the suitable decisions 
to keep the cost within the budget limits. 
The second purpose of this research is to facilitate the 
implementation of the control system. This will be accomplished through 
automation. 
36 
M.S. Special Topic 
Abstract 
COMPUTER GRAPHICS REPRESENTATION OF 
STANDARD CYCLONE MODELS 
BY 
LUIS E. RINCONES 
The objective of this special problem is to facilitate data input 
to the "MICRO CYCLONE" system through a computer graphic representation 
of standard CYCLONE models. Graphics representation of these models 
will hopefully improve the understanding of them by field personnel and 
consequently enhance communication. The standard CYCLONE models are: 
1. - Standard Clearing and Grubbing Cyclone Model #1 
2. - Standard Clearing and Grubbing Cyclone Model #2 
3. - Standard Stripping Cyclone Model 
4. - Standard Excavation Cylone Model #1 
5. - Standard Excavation Cyclone Model #2 
6. - Standard Excavation Cyclone Model #3 
7. - Standard Ditching Cyclone Model #1 
8. - Standard Ditching Cyclone Model #2 
9. - Standard Placing, Spreading, Compaction and final grading 








CYCLONE for Microcomputers is extended in this research. The 
extended version provides an interactive environment for analysis of 
construction operations. The analysis is carried out in the context of 
various work modules which address: 
1. Quantity Development 
2. Resource Definition 
3. Production and Cost Analysis 
The quantity work module generates quantities based on information 
available in the design documents. The resource module receives and 
stores data regarding the labor/equipment combination to be used to 
execute work tasks. Using input from the quantities module and the 
resource module, the productivity and cost analysis module generates 
production rates and unit cost based on process simulation using CYCLONE 
methodology. 
Road construction is selected for implementation of the system on 
TRS-80 Model III microcomputer. Standard activities in road 
construction are developed, modeled and applied using CYCLONE 
methodology. 
38 
The transient response in productivity of two of the standard 
excavation CYCLONE models is also investigated in this research. 
39 
M.S. Special Topic 
Abstract 
THE DEVELOPMENT OF AN 
EARTH DISTRIBUTION ANALYSIS PROGRAM 
FOR MICROCOMPUTERS 
BY 
ROBERT S. TOOMY 
The purpose of this study was to evaluate the use of microcomputers 
and linear optimization techniques in the planning of earthmoving 
operations. This subject was chosen because of the relative lack of 
work being done in applying construction management techniques to this 
area of civil engineering. The paper describes the development of a 
computer program that will produce an optimal earth distribution plan 
for a linear earthmoving project. The user inputs the cut and fill 
volumes for the project and the program uses a two-part solution 
procedure involving section-to-section matching and the transportation 
algorithm to devise this plan. Output is in the form of a graphical 
display and printed copy. The program was tested using data from actual 
highway projects. 
40 
M.S. Special Topic 
Abstract 
DEVELOPMENT AND TESTING OF A 
ROAD EARTHWORK QUANTITY TAKE-OFF PROGRAM 
FOR THE IBM-PC 
BY 
THOMAS A. TYE 
The purpose of this study was to develop and thoroughly test a Road 
Earthwork Quantity Take-Off program that is accurate, provides graphical 
representation of data and can interface with a transportation 
optimization program. The report describes the development of the 
program and uses the data of interstate highway 1-675 as a test. 
The user inputs the data of the existing and final grades of the 
cross sections of a highway. The program calculates the volumes of 
excavation and embankment associated with each section. Output is in 






1. Abou-Rizk, S., "Sensitivity Analysis of Construction Operations," 
M.S. Special Topic, School of Civil Engineering, Georgia Institute 
of Technology, Atlanta, March 1985. 
2. Bernold, Leonard, "Teaching Construction Management Students 
Process Control," Session 2222, Proceedings, 1985 Annual 
Conference, American Society for Engineering Education, Atlanta, 
GA, June 1985. 
3. Bernold, L., "Productivity Transients in Construction Processes," 
Ph.D. Thesis, School of Civil Engineering, Georgia Institute of 
Technology, 1985 (in press). 
4. Bernold, L. and Halpin, D.W., "Microcomputer Cost Optimization 
of Earth Moving Operations," Vol. 2, Proceedings, 4th International 
Symposium on Organization of Construction, U. of Waterloo, 
Waterloo, Ontario, July 1984. 
5. Findlay, Patrick G., "Analysis and Development of an Equipment 
Allocation Technique for Highway Earthwork Projects," M.S. Special  
Topic, School of Civil Engineering, Georgia Institute of 
Technology, Atlanta, August 1985. 
6. Halpin, D.W., "The Age of Graphics," Stratagem, Volume 2, Issue 1, 
Fall 1984 published by Project Management Associates, Inc., Ann 
Arbor, Michigan. 
7. Halpin, D.W., "Solving Everyday Construction Field Problems Using 
the Microcomputer," presented in Session 142, 64th Meeting of the 
Transportation Research Board, Jan. 16, 1985. 
8. Halpin, D.W., "Resource Analysis Using Microcomputers - Final 
Report, NSF Grant CEE -8208271," School of Civil Engineering, 
Georgia Institute of Technology, Atlanta, GA, September 1985 Iin 
press). 
9. Halpin, D.W., "Impact of Small Computers on the Practice of 
Construction in the U.S.," Proceedings of the Conference on "The 
Use of Microcomputers in the Construction Industry," Budapest/ 
Rackeve, Hungary, September 1984. 
10. Halpin, D.W., "What's New in Construction?" - Invited Lecture 
presented to the Construction Management Center, Washington U., St. 
Louis, MO, on 20 February 1985. 
11. MicroCYCLONE User's Manual, Version July 1985, School of Civil 
Engineering, Georgia Institute of Technology, Atlanta, GA, July, 
1985. 
12. Niederhauser, D., "The Application of Standard Models in Micro- 
43 
CYCLONE," M.S. Special Topic, School of Civil Engineering, Georgia 
Institute of Technology, Atlanta, August 1984. 
13. Nochaharli, Paul H., "Automated Cost Control for Equipment," 
M.S. Special Topic, School of Civil Engineering, Georgia Institute 
of Technology, Atlanta, August 1984. 
14. Rincones, L., "Computer Graphics Representation of Standard 
CYCLONE Models," M.S. Special Topic, School of Civil Engineering, 
Georgia Institute of Technology, Atlanta, March 1984. 
15. Tavakoli, A., "Productivity Analysis of Heavy Construction 
Operations," Ph.D. Dissertation, Civil Engineering Dept., Georgia 
Institute of Technology, Atlanta, 1983. 
16. Tavakoli, A., "Productivity Analysis of Construction Operations," 
Journal of Construction Engineering and Management, Vol. III, No. 
1, March 1985, pp. 31 -39. 
17. Toomy, R.S., "The Development of an Earth Distribution Analysis 
Program for Microcomputers," M.S. Special Topic, School of Civil 
Engineering, Georgia Institute of Technology, Atlanta, GA, May 
1984. 
18. Tye, Thomas A., "Development and Testing of a Road Earthwork 
Quantity Take-off Program for the IBM PC," M.S. Special Topic, 
School of Civil Engineering, Georgia Institute of Technology, 




1. Amir Tavakoli, Assistant Professor, Case Western Reserve U. 
2. R. Abitbol, Graduate Research Assistant (GRA) 
3. S. Abou-Rizk, GRA 
4. L. Bernold, GRA 
5. D. Farneski, Undergraduate Student 
6. P. Findlay, Graduate Student 
7. D. Niederhauser, GRA 
8. P. Nochaharli, GRA 
9. L. Rincones, Graduate Student 
10. R. Toomy, GRA 
11. T. Tye, GRA 
45 
